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investigate three-dimensiciai xircraft movements, threat

engagements, and pilot reactionce. The extencive use of the

Fortran logic simplifies the understanding of the SLAM

logic is an anairtical routine used to assess target Gamaqge
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The purpose of this thesis was to create a methodology
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which could be used to assess likely target damage and
friendly aircraft survival in the offensive counterair
mission. We feel that the resulting SLAM simulation model

;f effectively combines weapons effects logic of the Joint
Munitions Effectiveness Manual with a credible methad of
assessing the survivability of aircraft that are exposed to
» the ground based threats around enemy airfields.
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NpS Offensive counterair missions are essential to insure

;ﬁi air supremacy. Effective allocation of aircraft for these

:ﬁ; missions requires consideration of the likely benefits and

*ﬁ:_ costs. The purpose of this thesis was to develop a

.§§ methodology which could be used to assecs the lTikKely target

éﬁ' damage and the resulting attrition of friendly aircraft

iﬂ% during offensive counterair missions. The specific problem

ﬂ} addressed was a mission of two aircraft attacking an area

W target at an enemy airfield. The area of operations was

“E contained within a ten mile radius circle centered on the

;‘E airfield’s runway. Located within this area were the target
- and ground based defenses.

;fy A simulation model based on the SLAM language was buiit,

ﬁgi but extensive use of Fortran was also made in the model. The

L continuous system capabilities of SLAM were used to

1f§ investigate three-dimensional aircratft movements, threat

vf: engagements, and pilot reactions. The extencsive use of the
o !

Fortran logic simplifies the understanding of the SLAM

]

language required to use the model. Included in thie Fortran

logic is an analytical routine used to assess target damage

; Aghy
Xt

due to weapons effects, This routine is based on a

qr

1

methodc'ogy contained in the Joint Munitions Effectiveness
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{\ Backqround .
1-_
N In the basic doctrine of the United States Air Force, it
T
" : is noted that offensive counterair coperations are essential
- in order to attain air supremacy (Ref 2:Ch 2,15). These
éi counterair operations are air operations which attempt to
{\ destroy the enemy air force’s aircraft and support
‘ﬂ activities. The typical targets for such operations are the
-
P
o aircraft, equipment, facilities and supplies which are
»
) located at enemy airfields. The accurate determination of
Ad
H; such targets and the suitable use of aircraft and weapons
oty
ﬂj against them is a critical function which requires complex
o
3*¥ decisions (Ref 6:v),
i
}g Such decisions have a natural impact on other combat
¥
P,
> operations. The commitment of sorties to the offensive
- counterair operations results in fewer aircraft available to
e defend friendly airspace or to support friendly ground
e
§§ forces. Therefore, the Air Force planner who allocates
&
N

sorties must be aware of the likely benefits as well as the

:; likely costs associated with commi tment of the sortie

22 resources against specific offensive counterair tarqgets, His
E% goal must be "to achieve the best possible tradeoff between
»ig results and costs" (Ref 4:8),

1:% on él April 1983 Brigadier General W. L. Goodson, then
‘:? Deputy Chief of Staff for Plans, United States Air Forces in
;:j Europe (USAFE) reiterated the requirement for an accurate

i .:J 1

‘.;;::
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estimate of sortie effectiveness and losses in such missions

Such estimates result in a better

understanding of how critical missions compete far the

limited aircraft resources (Ref %).

In making these sortie allocation estimates, the planner

must consider the tradeoff between the probability of

destroying the target as well as the likely damage or

attrition suffered by friendly aircraft in such mis<sions.

The primary tocl currently used by Air Farce planners in

assessing likely target damage is the Joint Munitions

Effectiveness Manual (JMEM) (Ref 1), The manual provides an

estimate of target damage as a function of various weapons
and aircraft release parameters. However, the same manual
fails to provide another major aspect in assessing the
tradeoff between the benefits and costs of allocating sarties
to offensive counterair missions. That is, the manual does
not address the probability of an aircraft actually arriving
at the release point and subsequent survival during exit from

the target area.

Problem Statement

A planning tool must be found or developed which

demonstrates the interaction between the major factors of

target destruction and +riendly aircratt attrition in the

offensive counterair role., Such a tool which addresses both

the likelihood of target damage as well as the ability of

that aircraft to arrive at the weapons release point and then
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E\ to exit the target area can provide valuable information to
N

*, the Air Force planner. He can use this informaticon to
(;\ understand the tradeoffs between target damage and aircraft
s,
':: attrition as he attempts to allocate limited aircraft

=
Yo resources.
, \__‘
-, .\‘:

N Objective
13
Vg
b The primary purpose of this research is to develop a
t} me thodology which demonstrates the likely target damage and
Feo
-;: friendly aircraft attrition in the offensive counterair rale.
Y

BN

A As the conventional weapon damage leogic from the Joint

A4

.d Munitions Effectiveness Manual (JMEM) is the most credible

rot
~:j source of target damage in use by the Air Force today (Ref
U

A .
o 1), an attempt will be made to incorporate this logic into a
{

;g realistic methodology. The scenario for this methodology
. will reflect the aircraft’s susceptibility to the likely
5§ threat systems which exist in the area around enemy

;f airfields. Further, since given a specific target and threat
f: scenario the resulting target damage and aircraft attrition
"
;2 will depend in large part on the type of attack profitle
.\j (tactic> and weapons used, the research will address various
o
combinations of weapons and tactics.

h (]

;3 Literature Review

o e

LA

;E Existing Methodologies. As noted earlier, JMEM is a

"

¥ widely accepted methodology for assessing levels of target
;:; destruction given wvarious types of targets, aircraft, weapons
e

4.

&
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and release conditions. Since JMEM does not mode!l

)

?-:-E susceptibility of aircraft to ground based threats, the logic
{;_ of JMEM alone is insufficient for this research.

Eg The TAC Repeller Model is an attrition model which

335 reflects capabilities of surface-to-air missiles (SAM)
:ﬁ? systems and anti-aircraft artillery (AAA) against aircraft.
aﬁf Detection and allocation of aircraft on prespecified flight
ii' paths is accomplished in the model (Ref 18:711-712>. In does
i;\ not appear that this model incorporates aircraft defensive

b
1E§j maneuvers in the assessment of attrition. Further, as this
.\;: model does not incorporate damage assessment of the ground
%éa target, the model alone is not appropriate for this research.
ALY

E; TAGSEM is a model developed by Air Force Systems Command
‘:f to determine target damage and weapons effectiveness of
\:fj various air-to-ground systems. This model requires inputs of
;Eg both weapon lethalities and aircraft survivability against
':f various threat systems (Ref 18:735-734). Since this model

ig needs inputs which are in fact among the desired outputs of
‘:g this research, TAGSEM is not appropriate.

2 TAC Warrior is a large campaign model which addresses
.;E all aspects of air warfare, Among these aspects is the
viﬁ offensive counterair mission. The inputs required for this
SR
;:: model are massive in number., The model appears designed for
fﬁj research of theater level warfare. Its use, therefore, to
%ﬁ: identify the type of relationships required for this research
%: would be cumbersome and inefficient,

5% The Airbase Damage Assessment Model (AIDAY was developed
2
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by the Rand Corporation in 1974 to assese target damage due

to conventional munitions. The model may be operated in

either Monte Carlo or deterministic modes of operation.

Neither aircraft survivabiliy nor probability of seeirg the
target are assessed in the model. Calculationes are based on
assumptions which the Rand Corporation claims are equivalent
in accuracy to the hand calculation method of JMEM (Ref 7:2),
As both AIDA and JMEM address the same basic question of

conventional bomb damage, this research will incorporate the
JMEM me thodology due to the credibility and wide use of JMEM
in Air Force squadrons which are tasked for offensive counter

air operations.

Previous Theses. In 1981 Leek and Schmitt investigated

the employment of a Forward Looking Infrared (FLIR) equipped

aircraft on a night battlefield interdiction mission. Their

work addressed the aircraft survivability when exposed to a

typical array of enemy defenses in the forward edge of the

battle area (FEBA). They incorporated a detailed SAM and ARA

scenario. This scenarioc included a detailed approach to

calculate radar cross section as a function of aircra+ft

profile with respect to the SAM or AAA site. Their emphasis

was on the survivability of the aircraft when exposed to the

FEBA defenses., Their work did not address actual tarqget

damage inflicted by the aircraft.

In 1982 Anderson and Nenner extended the Leek and

Schmitt work by incorporating Wild Wease! aircraft to provide

threat suppression for a force of strike aircraft. The

.............
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threat scenario was similar to that of the 1981 thesis but
involved a more sophisticated command and control decision
process for the launch of threat missiles against aircraft,
The measure of merit was the number of attacking aircraft
that reached the target area as a result of Wild Weasel
aircraft suppression of the enemy threats. Aircraft damage
to the target was not assessed.

In 1983 Neal and Kizer produced a thesis in which they
addressed the tradeoff between aircraft surviwvability and
target damage in the close air support (CAS) mission. The
aircraft were engaged by FEBA ground based threat systems
similar to those described in the 1931 and 1982 theses. Neal
and Kizer introduced the concept of a three-dimensional
attack by the aircraft against the CAS target. They also
simplified the logic required te fire missiles at the
aircraft. In addition, these authors analyzed the actual
damage of point targets inflicted by the aircraft. These
point targets were individual tanks. Weapons used against
the tanks were Maverick missiles and cannon,

This current research of the offensive counterair
hission will incorporate some of the concepts developed in
these theses from 1931, 1982, and {983 as well as introduce
improvements and concepts not treated before. Similar to the
work by Meal and Kizer, this effort will use a three~-
dimensional model to investigate target damage versus
aircraft attrition. In addition, the capabilities of the

enemy missiles will be similar to those described in the
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previous theses.

Unlike the earlier theses, however, the effort in this
research will move away from the FEBA and concentrate on the
events in the immediate area of the target airfield. The
release of strings of bombs will be introduced and the
assessment of the resulting damage made via logic from JMEM,
Given a specific target and threat environment, this recearch
will address the flight planning requirements for a
coordinated attack of two aircraft flying either similar or
different tactics against an area target on the airfield. An
area target is a grouping of similar targets as opposed to
point targets which are individual targets. The research
will introduce the capability for the pilot to decide whether
or not to evade a threat missile and then to execute a
defensive maneuver if desired. A method to assess
probability of SAM Kill against a maneuvering aircraft will
be introduced to augment the method of assessing the
probability of kill against a nonmaneuvering aircraft
introduced in earlier theses. Unlike previous theses, this
research will consider the launch and guidance of more than
one missile at a time from SAM site against an aircraft.
Finally, this research will gseek to improve the three
dimensional relationship between the aircraft and missile
used in computing the predicted impact point of the missile

and the aircraft.
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Scope

This research will address a flight of two aircraft
assigned to destroy an area target at an enemy airfield. The
location of the target, the dimensions of the target, and the
types and locations of the threats will remain fixed as
defined in the scenario. The research will then investigate
the level of target destruction inflicted by the two
aircraft. The aircraft attrition for the same mission will
also be investigated.

This analysis will only deal with the events in the
immediate target area. This target area is a ten nautical
mile radius circle centered on the center of the runway. No
activity outside this target area will be considered,
Rather, the capability of these two aircraft to survive to
the weapons release point, to inflict damage on the target,
and to safely exit the ten mile radius will be assessed.

The probabilitity of target damage, will, therefore,
incorporate both the probability of the aircraft arriving at
the target as well as the likely weapons effects against the
target. 1In addition, the following concepts will apply:

1. Each aircraft is a single seat, clear air mass

fighter with aircraft performance, avicnics and bombking

systems similar to the F-16 aircraft,

2. Two possible weapons loads will be investigated:

eight 588 pound low drag bombs and eight 508 pound high

drag weapons.,

3. For any one mission, both the lead C(aircraft #1) and

--------------------------------
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wingman (aircraft #2) will carry the came weapons load.
4, Three possible attack options will be investigated.
Eb{ Tactic 1| will be a level delivery for the lead and a
gg% level delivery for the wingman. Tactic 2 will be a
jﬁ: level delivery for the lead and a pop-to-angular
ﬂg; delivery for the wingman. Tactic 3 will be a
‘%éi pop-to-angular delivery for lead followed by the same
;Eéi delivery for the wingman.
}(}, S. The dive angle for the angular delivery with high
\%ﬁ drag weapons will be 10 degrees, while the dive angle
“iJ for the low drag angular delivery will be 1S degrees,
%i; 6. The assessment of damage to the target area will be
:23 based on calculations contained in the Joint Munitions
= Effectiveness Manual. '
z%ﬁ 7. The effects of target area weather will not be
;;3 modeled. The weather will be good enough for level, 18
:ﬁx degree, and 15 degree angular deliveries to be
qu performed.
ok 8. O0Only radar controlled SAM and AAA threat systems
;E; will be included on the analysis. These will be fixed
-2::: sites in defense of the enemy airfield.
o
o
f? Scenario
ﬁg; Two different aircraft will be assigned to attack an
;é; area of petroleum, oil, and lubricant (POL) storage tanks.
f:; The length of this area of tanks is 558 feet and ite width is
rﬂ; 428 feet. The center of the POL area is located 4989 feet
o
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R east and 4000 feet south of the runway center. This runway
-.‘,'
. center is designated as the center of the 10 nautical mile
(;. radius target area. The length of the POL tanks is oriented
Loy
L 945-225 degrees. SAM site ! is positioned 12,000 feet east
Aﬁ' and 18,0900 feet south of the center of the runway. SAM site
5 2 is located 12,000 feet west and 18,0008 feet north of the
N
i&: runway center, The first of two AAA sites will be located
-
SN 46080 feet east and @ feet north of the runway. The cecond
\
'~ AAA site will be Tocated at 4000 feet west and 4800 feet
LN
fﬁ south of the runway. A depiction of the target area elements
~ is contained in Figure 1.
S
N Each pilot will enter the area at an assigrned time, fly
:‘a:\
i;: a flight planned route to the target, deliver his weapons
"2 from his preplanned delivery tactic, and then depart the
{ .
;Q target area as expeditiously as possible. At any time in the
. },
L)
nﬁﬂ target area either or both aircraft may be engaged by the Sa&M
Yy
A and AAA threats., If engaged, each pilot will determine ¢
Yo evasive action is required and take such action if the threat
~
ig warrants it.
‘l
‘ A probability of target damage will be determined for
5; each aircraft and a probability of aircraft Kill will be
%ﬁ assessed against each aircraft. These probabilities for each
N
@ aircraft will be combined to form the probability of target
o*
N damage for the mission of two aircraft as well as the
‘I
N probability of aircraft survival for the mission.
o
s
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SAM Site Number One
SAM Site Number Two
AAA Site
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= Maximum Ranges of AAA Sites

Maximum and Minimum Ranges of SAM Site Number Cne
Maximum and Minimum Ranges of SAM Site Wumber Two
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Fig. 1. Depiction of Target Area
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Summary

Offensive counterair operations are essential in order
to attain air supremacy. The allocation of aircraft
resources for the offensive counterair mission detract from
the number of aircraft available to perform other critical
missions. In allocating aircraft to the offensive counterair
mission, the planner needs a planning tool which calculates
the tradeoff between probable target damage versus the
ability of aircraft to survive that mission. The goal of
this research is to develop a planning tcol which can be used
to calculate both the probability of target damage due to
weapons effects as well as the probability of aircraft
survival to the weapons release point and then out of the

threat area.
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Il Svstem Structure

An analysis of the target damage and aircraft attrition
which occurs during a mission of two aircraft must address
various major topics. These topics can be divided into four
major categories: attack planning, assessment of target
damage per aircraft, probability of each aircraft surviving,
and assessment of overall target damage and aircraft

attrition for the mission.

Attack Planning

Target, Weather, Terrain, and Tactics. The first step

must be the identification of the target. 1In addition to the
target’s location, this must include some estimate of the
target’s dimension and physical characteristics. This
information can be used to decide what type of weapons, what
type of fuzing on those weapons, and what type of weapons
delivery would be most appropriate to maximize target damage.

Terrain in the target area may require that delivery
tactics be modified. Rugged terrain may prohibit certain
tvypes of attacks or cause problems in the visual acquisition
of the target. However, since the terrain around an enemy
airfield should be relatively flat these adverse effects of
terrain should be minimal.

In Europe, the weather is usually a significant factor.

Tactics which optimize target damage may require modification

to allow visual deliveries during periods of low ceilings or

13
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reduced visibility.

Threats can also dictate that one tactic be favcred over
another. Typical threat systems defending an airfield
incorporate some combination of antiaircraft artillery (ASA)
and surface-to—-air missile (SAM). As with weather, the type
and level of enemy threats may require that a tactic be
varied from that which promises the optimum target damage.

Axis of Attack. The axis of attack should optimize the

anticipated damage to the target. However, threats, and to a
lesser extent, terrain and weather, may dictate that certain
axes of attack be used or eliminated from consideration. 1In
addition, for a flight of two aircraft, it is desirable that
both aircraft not fly the exact same ground track to attack
the target. Similar ground tracks usually increase the ease
with which enemy threat systems can acquire and engage the
second aircraft., Another consideration is the direction of
an aircraft’s turn onto its final attack head}ng. If
possible, particularly during a climbing, or “pop-up"
maneuver, planning should minimize the amount of time which
the aircraft is "belly-up" to the primary threats. That is,
since the main concentration of threats, espcially AAA, will
be near the runway, the planning should minimize the time
during which the pilot will lose visual contact with that
runway. Finally, given different attack headings for the
first and second aircraft, the attack headings should allow
the wingman to look in the direction of the lead aircraft and

still have the runway within his field of visw.
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;}j Trpe Weapons. A wide variety of types of targets exist
ﬁ:' in the airfield environment., These vary from hardened

s;f structures such as concrete aircraft shelters to soft targets
:5& such as unsheltered aircraft. Thes runway and taxiway

A

7;;: surfaces are also possible targets. As varied are the

’-:1 targets, so also are the weapons which can be used against
{%E them. The most common weapons still used are the relatively
:5‘ inexpensive general purpose bombs. The typical types used
2%3 are the 2080 pound MK-84 and the 588 pound MK-82, Both a low
TEQ drag and high drag option are available on the MK-82. More
\: sophisticated versions of these general purpose bombs are the
fﬁ?. highly accurate but expensive laser guided bombs. Where the
;gi MK-82 and MK-84 bombs are used against most any target on the
‘:' airfield, taser guided bombs are typically used against

ffi hardened, high value targets such as command and control

zé facilities, Common weapons used against soft targets are
cluster bomb units (CBUY such as CBU-58. CBU are small

is bomblets housed in a large canister, The canister opens and
i%é dispenses the bomblets prior to ground impact. The bomblets
73

may then detonate on ground impact or may incorporate a

-‘:‘

4 13 . [) * * » *
t L.—l.:l" l':! ,-3';"..

timing delay prior to detonation. These weapons, in addition
to the aircraft’s 20mm or 36mm cannon, are the most common
conventional weapons in the current Air Force inventory for

use against airfield targets.
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yyas
LA

Trype of Delivepry. In the determination of the type of

AR
AR
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delivery, the desired target damage given a specific type of

weapon is an important factor. However, as in determining
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Eﬁ the axis of attack, the weather and threats may dictate a

ig delivery that is less than coptimum for the desired target

(; damage. Prior to the Vietpnam War, dive bomb deliveries of 38

i{ and 45 degrees were common. These patterns require roll-in

Y

:E altitude of 7006 to 18,880 feet above ground lewel (AGLY> and

“it release altitudes of 3000 to 5000 feet AGL. Low ceilings in

;$E Vietnam often precluded use of these altitude regimes for

,i: visual bombing. As a result, more emphacsis was put on low

{¢ angle bombing of 5 to 20 degrees of dive angle (Ref 15:24>.

.&g In addition to the problem with weather, 238 and 45 degree

>}: dive bomb patterns were more vulnerable to SAM and AdA

Zf; damage. These patterns did, however, offer a higher degree

;ig of survivability against small arms fire than do level and

i;j low angle deliveries (Ref 15:28).

;j: The inflight profiles, therefore, for the lewvel and low

_g angle deliveries are designed to minimize susceptibility to

b 54aM and AAA threats, remain below low ceilings, and yet

%? result in satisfactory target damage.

Eé Level Delivery. The low altitude level delivery is

1\ designed to minimize exposure to S&M and AAA systems and

iQ remain below low ceiling. As depicted in Figure 2, the

E; delivery begins with a low level ingress at minimum altitudes

= (200 feet and below) to delay detection by enemy radar

f systems and minimize the number of SAM systems which can

; guide weapons at those altitudes. At some point prior to the

15 target however, a climb is required to attain the desired ’

‘éﬁ altitude for the release of the weapons. The minimum weapons i
% |
v 14 }
) {

{
= RN




v.'Jf:,

o agem oo

s
d

RARS
S

" )

AOBIY T9A9T JO  OTTIOI]

*Z 31

QUTOd 3TXHY waly 383am],
JuTOoJ ©8BAT9Y-]S0]

quog 98®BT JO JUT0J OSBATOY
quog 38dTq JO JUTOJ 9SwaToYy
JUTOd Hovd]

JUTOd JJO TeAe]

JutTod qUTID

qutod AIjuy wely qedaey

LI [ | B T 1}

it

NN FWNO I~ 0

& ANK J--‘.J >

\-..-\-

t e

o A I L 4%

. ¥ P
. LA A

RERERA
e o w

* v
-
!t.\-.uon

2

.- N

2
A
2
&

N AL RN NN A

D AA NS R AR SR

v

R

'_-r¥'




o
0%
-
-

-

. 8

[ Y
L ]
R

~ AR
T

L]
o

& N

- S A
.
'u“n’\_' I.:i.' ',

KA

.

A, % o
P

) ’
'D
. LN

h [

AN

O »

RN

release altitude is a combination of the minimum altitude
required for the released bombs to arm and for safe ecscape of
the aircraft from the resulting weapon fragmentation pattern
(Ref 15:2%). This altitude will vary with weapon type. For
instance, high drag weapons have lower minimum release
altitude than do tow drags. It is desired that the aircraft
level-off and arrive at the track point at about five seconds
prior to release of the first weapon. It is at the track
point that the pilot attempts to track his aiming pipper
toward the target so that the pipper is on the target when he
initiates the release of the weapons. During the tracking
time the pilot attempts to maintain his parameters of
altitude, dive angle, and airspeed so as to obtain the
desired weapon affects on the target. a&fter the release of
the weapon the pilot executes a level 4 to S5 G hard turn away
from the target. This is followed by a return to the
original altitude of below 200 feet for exit from the target
area.

Al though the level delivery results in reduced
vulnerability to most radar aimed threat systems, the
delivery also results in delayed visual acquisition of the
target by the pilot., As noted in USAF Fighter Weapons Schocl
texts, visual acquisition of the target during = high speed
attack gets progressively more difficult as the altitude of
the aircraft is reduced (Ref 23:Ch 3,3). This is because the

pilot on a level attack must find the target on the horizon,

whereas the pilot on a diving attack can look down onto the

18
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target. Since the pilot must locate the target on the

horizon in a lewel attack, a target which lacks vertical
development or contrast may not be seen in time for the pilot
to deliver the weapons.

Low Angle Delivery. Since the low angle delivery is a

diving delivery, it offers increased targét acquisition
compared to the level attack. The low anqgle attack also
vields greater delivery accuracy than that produced by level
deliveries (Ref 23:Ch 3,2), The low angle attack does,
however, result in increased altitude as compared to lewel
deliveries. This increased altitude results in increaced
exposure to SAM and AAA systems.

In an attempt to minimize the increased exposure to
threats, a low angle delivery is typically entered via a
pop-up attack. The approach to the pop-up is typically via a
low altitude ingress similar to that of the level attack.
However, the ingress heading for the pop pattern is typically
offset 15 to 38 degreecs from the desired final attack
heading. The typical airspeed is 588 to SS8 Knots.

On a typical pop-to-angular attack (Fig. 3>, the ingress
heading and altitude are maintained until the pull-up point
at which time the pilot initiates a 3 to S G pull to the
desired climb angle (Ref 11:Ch &,4). This climb angle for =a
15 degree or less dive angle should equal the dive angle plus

five degrees (Ref 23:Ch S5,18).
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e CLIMB ANGLE = DIVE ANGLE + S (D
{

i: where CLIMB ANGLE and DIVE AMGLE are in degrees.

S

RS

:_*.

The pilot continues to climb until he reaches a roll-in

M
;j altitude. At the point that the pilot passes this altitude, ‘
‘)

tj he executes a roll toward the target and begins to pull back

y i
. down as he attempts to change his pitch to his desired dive
«fz angle. Approximately halfway through his turn to the target
R~

Q; the aircraft will apex in altitude. The apex altitude is

X

s used to determine the roll-in altitude. FEoth of these

ﬂ altitudes can be predicted (Rgf 23:Ch 5,18-11>, For a dive

o

E angle of 15 degrees or more, the apex altitude is found by

QA
i the equation:

= i
'.:. }
A

SN APEX ALT = 2 x DIVE ANGLE x 100 + (RELEASE ALTITUDEA/2) (2 :

|

o For a 18 degree dive angle a more appropriate equation is ﬁ
W

-~ <
;; APEX ALTITUDE = RELEASE ALTITUDE + 1688 FEET 3 :
. In either case, the resulting roll-in altitude is ]
g ROLL~IN ALTITUDE = APEX ALTITUDE -~ (48 x CLIMB ANGLE) (4> ]
. i
: !
s: .
;} As the pilot rolls out he arrives at the track point. As )
,i with the level delivery, thie should allow about five seconds K
' ¢
.ﬁ to track his pipper toward the target and correct his release 3
:
.i

£ ]
a: 9
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ii; parameters to obtain desired weapons effects. After the last
’f& weapon is released the pilot pulls the nose of the aircraft
E;. up towards the horizon as he executes a 4 to 5 G turn away
§§ from the target. He then descends to 208 feet or below to
EE exit the target area.

o This pop—-to-angular profile (Fig. 4) results in greater
ia exposure of the aircraft to AAA and SAM systems, than does
%E the low altitude level delivery, but increases the likelihood
?1‘ of visually acquiring the target. It also results in
improved bomb impact angles (Ref 15:31).

,ii Release Parameters. Regardliess of whether the pilot is
:;: performing a level or a pop-to-low angle attack, he will plan
iﬁ to release the weapons at predetermined release conditions.
;?: The primary parameters are the dive angle, release airspeed,
(Sﬁ and altitude. In addition, the pilot will program the

.33 aircraft avionics systems and bomb delivery computers to

2? release the weapons with }he number of release pulses to be
;é generated to the bomb racks and the number of bombs to be

E% released per release pulse. The intervolometor setting, the
N times between the release pulses, will result in a preplanned
ié distance between bomb impact point if the pilot meets his

vﬁg preplanned parameters,

;:; Route of Flight. Once the pilot has determined his

f;& targets location, decided on an attack axis and delivery

ég tactic as a function of desired target damage, weather, and
Pig threats, he will flight plan back to some significant initial
{f point (IP) close to the target. This point is usually a

o 22
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visually significant point which the pilot uses to update his
position, He will usually select a significant point, or at
least a reference heading to turn to as he departs the
target. He will then plan the route of flight to insure he
arrives at the IP and has a place to go after he leaves the
target area.

In the case of a multiple ship attack, deconfliction
must also be addressed. Deconfliction is the scheduling of
aircraft arrival times at the target such that pilots of
follow-on aircraft do not fly over the target while there is
danger of fragmentation from the previous aircraft’s bombs.
Figure 5 exhibits a typical fragmentation pattern. The
depiction includes the times, heights, and ranges from the
target that bomb fragmentation could pose a danger to a

follow-on aircraft.

Probability of Tarqet Destruction

The factors contributing to target destruction are
summarized in an analytical method used in the Joint
Munitions Effeétiveness Model (JMEM)> (Ref 20:Ch 4,44-45).

The single sortie probability of destruction is a function of
both the probabilitity of damage given the fact that the
airplane arrives at the release point ready to release
weapons, as well as the probability that the aircraft
actually arrives at the release point.

The four primary elements in the probability of target

damage are delivery reliabilitity, conditional damage

24
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.i; probability, effective weapons pattern, and fractional target
*%j coverage. The delivery reliabilitiy is the percentage of

sorties whose delivery accuracy ie¢ characteristic of the

'ES given circular error probable (CEP). This CEP is the radius
‘SE of a circle whose center is on the target and contains S0
= percent of the bombs that are dropped to impact directly on
‘§? the target. The conditional damage probability is the

tb‘ probability that target damage does occur within the pattern
!:H of bombs dropped in the stick or string. The effective

7;3 weapon pattern is a value greater than or equal to the width
‘:3 and length required to be effective against the target. For
ﬁg example, if the target width is less than the bomb pattern
£§ width, then the effective weapon pattern width equals the
Ei bomb pattern width. However, if the target width is wider
::g than the bomb pattern, the effective pattern width becomes
SN

-

the target width. The fractional target coverage is the

O 2O

s

' expected fraction of the target covered by the bomb pattern
i@ given the circular error probable.
;S The factors which contribute to conditional damage
:3 probability include weapon reliability, number of weapons
:é released per release pulse, number of release pulses,
Ez effective target dimensions, and effective stick pattern

(Fig. 6>. The weapon reliability is the probability that the

weapon will mechanically operate correctly. The number of

-‘. ... l‘. » . “

.5; release pulses and number of weapons released per pulse are
\."

‘i; set by the pilot. The effective target dimensions include
:2 the actual length and width as well as a strip around the
2

A
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perimeter of the target area. This strip’s width is equal to
the effective radius of the weapons. This accounts for the
fact that weapons can impact outside the actual target
dimensions and still damage the target. Finally, the
effective stick pattern is the actual width of the pattern of
bomb impact locations plus a strip arocund that pattern that
again accounts for the damage radius of each impacting
weapon.

The effective stick pattern is primarily a function of
the conditions at which the weapons are released. The
distance between the weapons stations on the aircraft, the
intervolometer setting (the time between release pulses), the
release airspeed, impact angle, and bomb ballistic error all
determine this effective stick pattern. The impact angle for
any specific weapon is a function of the altitude, airspeed,
and release dive angle. The bomb ballistic error is a random
variation in the bombs flight path and resulting impact point
due to inconsistencies in each bomb’s physical tolerances and
stability characteristics, This error is commonly measured
in milliradians which can be converted to feet, br the

equation:

IMPACT ERROR = .881 x NUMBER OF MILLIRADIANS x RANGE (3

For example, a 12 milliradian ballistic error cver a range of
2000 feet would result in an impact error of 24 feet.

As noted earlier, the other important aspects in

28
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A

5; determining the resultant target damage are the probability
Ei that the pilot survives with his weapons to the release
L\ point, and secondly, that he wisually acquires the target
és prior to that release point.
25 The probability of visually acquiring the target is a
®y function of the aircraft’s range from the target and altitude
Eg' at the time of the weapons release. In addition, it is a
‘Ei function of the type of terrain at the target. However, as
‘i’ noted earlier, the terrain around an airfield should be
’:2 relatively level so the terrain effect should be minimal.,
?Q Because of the increased altitude at the time of release,
fb pop-to-low angle deliveries typically result in a higher
1§ probability of the pilot visually acquiring the target.
;\ The other consideration, the probability of the pilot
‘; surviving, is also one of two major considerations in

é} calculating the overall probability of survival for the

gﬁ aircraft.

o

he

> Probability of Aircraft Survival

‘{J The factors in the aircraft’s probability of survival
;3 are depicted in Figure 7, The overall probability of

.

-

aircraft survival can be broken down into the probability of

AL
[ Y

aircraft survival from target area entry through weapons

release and the probability of aircraft survival after

R

%: weapons release through exit from the immediate target area.

v

é This allows the use of the former as the probability of

:: aircraft arrival to the weapons release point for use in <
:4'
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ﬂ;ﬁ? determining the probability of target damage described
D
Rt tactics.
gill Whether it is prior to the target or after the target,
o, »
i
;§<3 the probability of survival is a function of the six major
1S
:53 factors of probability of line of sight, probability of
3
BN detection, probability of launch, probability of fuzing,
;S; probability of guidance, and probability of kKill given
5 correct fuzing and guidance (Ref 4), As noted in the work by
1*, Leek and Schmitt, the probability of a clear line of sight
- s
N,
N between the threat site and the aircraft is a function of

tvpe terrain, aircraft altitude, and ground range from the

- i
M -
-;" . . ". ".

A site to the aircraft (Ref 14).
o

{;f Probability of Detection. The probability of detection,
N

R given a clear line of sight, depends upon whether or not the
i
;ig aircraft has an effective jamming capability against the
'.."\‘:
fyt threat site radar, If the aircraft is not jamming, the

L ability of the threat site to detect the aircraft is a
Pjé function of the returned target signal versus the clutter
igh
X32 signal. Golden (Ref B:44) defines this signal to clutter as:
e
o S/C = Pr_Gr2 ¢ a2 (&)
N (4n>8 Re C

e

n'-'

= where S = returned signal from target aircraft

» C = signal from the background clutter

TS Pr = power of threat radar transmitter
>%k ¢ = radar cross section of target aircraft
ﬁ, Gr = gain of threat radar

,iﬂ A = wave length of radar energy

aP R = distance from the aircraft to the threat
e site '
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$Q By substituting the signal to clutter ratio required by the
§~; particular threat radar system, a detection range can be
S

Ei determined.

“Ir In the case of a target aircraft using repeater jamming,
N the maximum detection range can also be determined (Ref

Y

el 8:125). However, the detection capability becomes a function
AR

e of the jamming signal to returned aircraft signal and is

3

; ? defined by the following relationship:

S

" A

S

3 J/’S = Pj Gj 4% R2 (7
Ad. Pr Gr ¢

-.":

b

S, where Pj = output power of the aircraft jammer

o~ Gj = gain of the aircraft jammer

g R = range between the aircraft and the site
{ radar

sﬁ} Pr = output power of the threat radar

N Gr = gain of the threat radar

:}2 ¢ = radar cross section of the aircraft

:ﬁ; Again, by substituting in the jammer s performance and the

threat radar’s capabilities, including the minimum jamming to

signal ratio required for detection, the maximum detection
~ range can be determined.

- In addition to being within the maximum detection range,

4
- SR

the aircraft must be at an elevation angle, «, above the

s

horizon such that a SAM system can have a clear line of sight

(AL
"

to the aircraft (Ref 14:13). Known as the multipath anagle,

this angle is defined as follows:
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o = ARCSIN(ALT/SR) (8

where ALT = aircraft altitude
SR = slant range from radar site to the
aircraft

Anderson and Nenner approximate this angle as .25.
Therefore, given a multipath angle in excess of .25 and ranqe
inside the maximum detection range, the threat radar can

detect the target aircraft.

Probability of Enqgagement. The assesement of the
probability of engagement of SAM and A®A systems against a
low altitude target aircraft is a function of site status,
confound time, acquisition and track time, minimum engagement
range, maximum engagement range, and engagement doctrine.

The site status indicates the site’s capability to be tasked
against the target aircraft., For example, if the site is
currently engaged against another target, that site may not
be capable of engaging a second target. In addition the site
may be unable to engage as expended weapons are being
replaced. Anderson and Nenner explained that the confounding
delay is the time it takes a site to transition to an
acquisition mode once it has terminated a tracking mcocde on a
previous aircraft. The acquisition and tracking time ig the
time required by the site to sufficiently acquire and track
the target to determine if the targets flight path warrants
an engagement (Ref 3:48), Advance target information from

early warning radars can significantliy reduce the time




-

required for acquisition and track (Ref 1&:29).

The minimum and maximum engagement ranges vary by the
type of threat system. The parameters are a combination of
weapon and radar capabilities (Ref 16:54>. 1In the case of
the AAA system, a minimum range is typically an insignificant
distance.

Given a target which has been detected by an available
site the launch doctrine is the decision whether or not to
engage the aircraft. Anderson and Nenner comment that the
threat site’s decicsion to engage an aircraft in the FERBA is a
function of anticipated probabiltity of kill (Ref 3:52>. In
the case of the point defense of an airfield, it would seem
more likely that a threat system would fire or launch its
weapons given any probability of successful Kill. That is,
given the 1imited number of target aircraft, the high value
of the airfield facilities, and the relative short period of
time available to engage a target aircraft from detection
until the aircraft releases its weapons, the doctrine would
probably be to launch or fire the site’s weapon given any
probability of success.

The anticipated probability of Killing the target
aircraft required for the decision, regardless of the
specific doctrine, can best be addressed by treating 5AMs and
ARA separately.

For S5AM systems, once launched, the missile’s
probability of Kill depends upon the missile’s fuzing, and

guidance properties as well as the lethal effects of blast

34
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and fragmentation. The guidance errors can be characterized
by the missile‘s circular error probable (CEP)> about the
intended impact point., This impact point is the point in
space where the aircraft and missile are forecast to collide.
The CEP lies in the plane of the encounter. This plane
contains the impact point and is perpendicular to the
missile’s flight path. The use of proximity fuzes and the
lethal radius of the missile compensates for near misses. In
the case of an aircraft that is jamming the threat radar with

a repeater, the CEP can be calculated as follows (Ref 3:43):

%
CEP = [A(J/S)RZ + B(J/S) + C 1 D)

where A, B, and C

constants which depend on
the type of SAM

R = ¢lant range from site to impact
point in meters
J/78 = jamming to signal ratio
CEP = circular error probable in meters

1f, on the other.hand, the aircraft has no jamming capability

against the SAM site, the solution for CEP becomes:

%
CEP = [D(R&)/62 + E(R4)>/¢2 + F1 (1a>

where D, E, and F constants for type of SAM

R range site to impact point in
me ters
¢ = target aircraft radar cross

section in square meters
CEP = circular error probable in meters
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(. Values of these constants for the missiles used in this

research are contained in Table I (Ref 3).

A
Zéé The probability of accurate fuzing is the probability
‘.1 that the missile may detonate prior to or after the intended
:Ea engagement plane, Fuzing error, therefore, when combined
‘Ei with guidance error, results in a three-dimensional error or
\L volume of possible detonation points about the intended
;g impact point.,
,Ei The concept of quidance and fuzing is incorrectly
> — accounted for in the work by Anderson and Nenner. In their
ﬁf work, they use CEP to represent "a sphere around the target

' aircraft within which 58 percent of the missiles fired under
&ﬁ a given set of condftions will detonate.” (Ref 3:42).
»Eg Circular error probable is a two-dimensional, not a
Eg three-dimensional concept and applies to guidance. Any

} fuzing error does result in a third dimension being added to
fxﬁ the detonation error, but it cannot be defined in terms of
] CEP alone.
-
f: The effects of blast and fragmentation are sometimes
Eﬁ combined into a single measure called lethal radius. This
jﬁz single measure is a spherical approximation of the missile’s
ﬁ:, combined fragmentation and blast capabilities given all
??. possible encounter conditions. Specifically, this radius is
lg the distance from the missile’s detonation point where as
f: many aircraft survive as are Killed beyond it (Ref 3:42). As
-
3
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TABLE 1

THREAT PARAMETERS

SAaM 1 SaM 2 [l
Minimum Altjitude (Feet) 188. tea, a.
Minimum Range 6485, 13389, 2.
Max imum Range (Feet) 33495s. 729380. ?807.
Average Velocity (Feet/Second) 1722, 1945, —-——
Maximum Time of Flight (Seconds) 19.4 37.1 -
Lethal Radius (Feet) 72. g8s. -——-
Track and Acquisition Time (Seconds) 18. 17. 6.
Confounding Delay (Seconds?’ 2a. 30. 30.
Power Radiated (Watts-db> 06.8 53.9 598.9
Radar Gain 43. 41 . 4a.
Effective Radiation Power (ERP) 29.6 29.46 32.3
(Watts-db)
CEP Constants
A 325.E-% 718.E-% -—-
B 13%8. 2204. ——-
c 25. S8. -—
D 809 .E-2% 483.E-29 --—-
E 434 .E-128 182.E-18 -—-
F 25. 58, -
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Tr
o a result, it is a cookie-cutter type of concept in that a
o Kill ies assessed i¥ an aircraft lies within the lethal

radius, and no Kill is assessed if the aircraft lies outside

the radius.

Lo - This concept of tethal radius will be used in this
- research as it has been in the previous efforts of Anderson
\ .
o and Nenner as well as Kizer and Neal. However, it must be
e emphasized that this radius is a simplifying approximation.
\
e A more detailed analysis would require the type of
ﬁf investigation described by Breuer (Ref 4). In such an
i I \‘Q
. analysis, blast and fragmentation effects would be addrecsed
[ W]
ﬁ¥ individually. In addition, while a cooKie-cutter type
ﬂé: approach is an effective measurement of blast effects, a
‘a truly accurate assessment of fragmentation effects would
L} require the determination of a vulnerable volume around the
~l
ﬁi aircraft and the calculation of the equation:
-« ’:
O PKFRAG = (PKHIT)(PKGUID> (PKFUZ> (11>
N
'8,
.‘\
A where PKFRAG = probability of Kill due to
» fragmentation effects
~ PKHIT = probability of a Kill due to
o fragmentation given a detonation within
3} the vulnerable volume
oo PKGUID = probability of guidance through that
M volume
- PKFUZ = prebability of fuzing within that
. volume
%
ﬂﬁ
- Once it is recognized that lethal radius is a
L
. simplifying assumption, and if the fuzing error is assumed to
a0
<
x_
~ 38
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be small, then the equation in Anderson and Nenner can be
used to determine the probability of Kill (PK) as a function

of lethal radius and guidance error as follows (Ref 3:42):

(LR/CEP>2
Pk =1 - (.5 (12
where LR = lethal radius
CEP = circular error prcobable

In the case of AAA, the probability of kill can be

determined by the following calculations (Ref Kizer:53-408):

N

PK 1.8 - (1.8 - PKSS) a

where N = number of rounds fired in a burst
PKSS = single shot probability of kKill

The PKSS can be determined by:

PKSS = (_Av__ Jexpd-.5[((P.82¢(q)(TOF2))2] (14)
2NC2+AV 2NG2+Ay
where g the aircraft G loading

Av = average fighter aircraft vulnerable
area (assumed=35.17m2)
¢ = radial dispersion of bullets about
the aimpoint
TOF = time of flight of the projectile

The ¢ can be determined by:
¢ = 0m R 1S

where oOm = mi)l dispersion (assumed to be 20 mils)
R = glant range from site

3%
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O The TOF can be computed from the equation:
{
- TOF = _2m_[L -~ (18)
L 3CdA | Vf Vi
where TOF = time of flight (seconds)
N 2 = air density (assumed 1.225 kg/m3)
- Cd = drag coefficient (assumed .38 for ARAD
P A = cross sectional area (assumed )
- .8004155m2)
e m = mass of projectile (assumed .195kg)
Y Vi = initial velocity of projectile (assumed
- ?30 m/sec)
\} Vf = final velocity of projectile (m/sec?
“:
¥
The V¥ can be determined by:
P
- -(2CdAR/(2m)) ;
o VE = Ui e (1?7 ]
N, ]
‘_ where V¥ = final velocity of projectile (m/sec?
5 R = slant range from aircraft to site ]
(2 (Kilometers> ]
ﬁ other values defined previously :
- ]
1
L
]
y! Kizer and Neal noted that by using the assumed value for the
2
-
\; parameters in the AN equations, the TOF is determined by: [
b .
.' \
|
- 1L
2. TOF = 2014.46 [W - Vi (s
< 1
R Again, the threat site will determine the forecasted 5
$
3 .
$§ probabiliy of Kill prior to launch. This probability of p
R
s kKill, when combined with the other factors of site status, ]
i |
o confound time, acquisition and track time, znd '
24
X
Ll
-
<
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minimum/maximum engagement ranges will be assessed and a
launch decision will be made according to the launch
doctrine.

Probability of Guidances/Kill. The probability of

guidance and Kill is the final set of factors used to assess
the probability of an aircraft’s survival,

If the aircraft does not maneuver after threat site
launch, the probability of Kill at the completion of the
missile or AAA projectile intercept will be the same as the
probability of kill obtained in the launch calculations.
However, if the aircraft maneuvers during the missile or
bullet time of flight, the end of intercept CEP and resulting
Pk can vary.

One reason for this change in Pk in the SAM engagement
is that the impact point will change from that planned at
launch. The range from the new impact point to the threat
site will be used to determine the new CEP and new Pk. In
addition, LeekK and Schmitt pointed out that the aircraft’s
profile to the site will change during an aircraft maneuver.
The result will be a change in aircraft radar cross section
and resulting change in CEP and Pk (Ref 14:19),

Another factor in the SAM engagement which has not been
addressed in previous theses is the affect of an aircraft
actively maneuvering to defeat the missile. Previocus theses
assumed that given an aircraft maneuver, a new impact point
could be calculated and the missile redirected to that impact

point. In these cases, given the previous comments on lethal

41

AN PV A -"-‘.)‘-P. B A S A A A N Rl Palt i AR S R




4". y ‘l.;'. ":'."'n .

Jel

[¥

1 ;‘,4,- »
A
<A"l{~}l_‘l

[y

-~
s
L

v
:f‘l _‘:_" NS Y

&

g

oK

LA A AN

o s,
.

'\

MNP
CAORA A A

.

e
. .
alate #

a ; J .‘.‘.
NSNS

)

ANSN
TN

o

.<I “

LN N}

Py
Vet
o

Tl
vte .
et

- . . » "‘
AR

e e S

L)
l‘.

47 ?f’)
A

*

-
o g o LD

LA A4

radius, the use of the equation:

(LR/CEP)>2
Pk =1 - (.3 (12)

is satisfactory as the assumption is made that the missile
and aircraft will still be aimed at the common, updated
impact point. However, if the pilot performs a "SAM break"
against the missile, the missile’s maneuvering ability is not
normally sufficient to alter its course sufficiently to
arrive at the new impact point dictated by the aircraft’s
maneuver. As a result, at missile detonation time, the
aircraft will not be at the predicted impact point of the
missile. In addition, the aircraft will probably not be in
the plane used to calculate the effect of missile CEP. It

is, therefore, inappropriate to use the equation:

(LR/CEP>2
Pk =1 - (. (12>

which assumes only a two-dimensional relationship. Instead,
a three-dimensional relationship must be used. Therefore, it
appears a more appropriate method to calculate probability of
Kill in this case could be via a cell model as described by
Bridgeman (Ref 5).

In the cell model, the CEP plane, the plane that
contains the missile’s impact point and is perpendicular teo

the missile’s flight path, is divided into cells, Figure 8

42

", A R S S TV 1 e T T ST .V S A TR SO AL B STt v ¥




i Na® " eV - P AL BN N AR Sl A

A CO AR REREEEL A RN RLE DI AL AR REREME A NS PR Tl R A T S S R LR RS M T e N LA S
L &
e m
-,
‘v'.-'.
> .
..

10 Cell Model

A

»

109 Cell Model

.
v

{ ]
4
»
L]
*
°
.
*

h
L ]

*

[ ]

AR
e
L J

.l"l
: R
L ]

)

TR
LI

-'.'.{,‘.. ol
RN LN ‘
L AR

o . .
Fig. 8. Cell Structure for Cell Pk Calculations

v

-

2 43

NN > v\-_s. -.q.‘*\‘\ \..v._.._n’ AT R R



:EQ depicts a 18 cell and 189 cell model. These cells represent
2
o all possible impact points from directly on the desired
p impact point out to an infinite distance away from the
e

EH desired impact point in the CEP plane.

-0

- The center of each of these cells is defined in terms of
L a radial distance and angle. The reference for the angle is
%: the line between the center of the network of cells and the
.:,:s

N2 projection of the target’s position into the plane. The

A

) radial distance to the cell center is a product of the

S

Ej missile CEP and a dimensionless adjustment factor. In the
\'l

-,

= case of a ten cell model the values of these adjustment

:$ factors are:

~

. CELL 1 = .p@080
o CELL 2 to 5 = .7189

T CELL 6 to 18 = 1.5698

.

.,:_:

he

- In the case of a 189 cell model, the values of these factors
',:‘: are:

<

N

o

CELL 1 = )

e CELLS 2 to 8 = ,25848

& CELLS % to 21 = .4722

T CELLS 22 to 3?2 = .71482

- CELLS 48 to 40 = .9958

" CELLS 41 to 81 = 1.3300

- CELLS 82 to 97 = 1.8179

G CELLS 98 to 109 = 2,5370

a

}g The distance from each cell center to the aircraft

~

i position at the time of impact is determined and compared to
Cof

l.

;: the missile‘es lethal radius., If the distance is less than
e
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the lethal radius, the probabiliy of Kill given a missile

impact in that cell equals one. The propability of Killing

'S Tl |

;? the aircraft for an impact in that cell equals zero if the
‘;é cell center to aircraft position distance exceeds the lethal
52 radius. The probability of the missile actually landing in
Qé: the cell is then multiplied times the probability of kill for
‘%é: that cell in order to determine the cell’s contribution to
o overall probability of kKill. (The probability of the missile
1y

landing in a cell is approximately 18X for the 18 cell model

.d
[}

st .. " ":‘ d
el 'e

[

and 1% for the 189 cell model.) The probability of this SAM

¢ .

L

- Killing the aircraft then becomes the sum of the individual
‘ cell contributions to overall probability of kill.

’ag In the case of AAA, if the aircraft maneuvers during the
;jﬁ time. of flight of the projectiles, the cell model is more
:x: appropriate than the equations for AQA probability of kKill
§§§ noted earlier. However, if the time of flight of the ARA is
7uﬁ short, or if the aircraft does not actively maneuver against
i&: the AAA during its time of flight, the egquations are

$ﬁ appropriate.

Sal

,§S Overall Mission Damage and Survivability

Ei The overall target damage inflicted and the aircraft
ji? survivability of the mission of two aircraft can be

f;; determined by combining the individual probabilities of each
£§ aircraft. The target damage as a result of the mission of
‘; two aircraft can be cbtained from the equation:

s

0

": 45

-
~
abd
-

o T T T e S T T AT e T T ST T AT ST N N AN T A Y




.‘.l

-, § 8
L Sl

EAAA

Ey

-~
P &
'_l

i
L]

Y«

A )

- - J
s & A

N - il

Y YR 40C

e i

PDMSN = | - (1-PTGTDMG1) (1-PTGTDMG2) (19

where PDMSN = probability of target damage by the
mission of two aircraft.

probability of target damage due to one
aircraft number (1) or two (2.

PTGTOMG

The overall probability of aircraft survival for the mission

of two aircraft ie determined by the relationship:

PSMSN = (PS1)(PS2) (28)

where PSMSN

probability that the flight of two
aircraft survives the mission.
probability of survival for aircraft
number one (1) or two (2).

PS

Summary>

In order to predict the level of target damage and the
corresponding aircraft survival for an offensive counterair
mission, four basic processes should be performed. First,
the attack planning should consider the type of routing,
ingress tactic, delivery and weapons suitable in view of the
threats, terrain, weather and target characteristics.
Second, the probability of target damage from a single
aircraft should be addressed. Third, the aircraft
probability of individual aircraft survival should be
determined. This probability is a function of the threat
site’s combined probabilities of line of sight, detection,

launch, fuzing, guidance, and Kill. Finally, the individual

< .'-..q ‘.-|" TR N




aircraft probabilities of target damage and aircraft survival

should be combined to form an overall mission probability of

target Kill and aircraft survival.
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Il1l. Research Model

Thierauf and Grosse point out that a model is a
representation of an actual event or situation. aAs such, the
model shows the interactions of multiple variables in a
cause-and-effect relationship. As well as investigating the
relationships among variables, these authors note that the
model can be used to determine which variables are most
important. In this process it is critical that the model be
a good representation of the real world events which it
portrays (Ret 22:14-153).

The model for this research must, therefore, identify
the interactions that result in target damage and aircra+ft
survival. The calculation of effects of weapons impacting on
the target can be modeled analytically via the logic
contained in JMEM. The authors of JMEM note that the JMEM
logic accounts for variations from the desired release
parameters. In other words, the logic results in average
outputs for the specific input variables.

As noted earlier, the JYMEM logic does not account for
the probability of the aircraft arriving at the release point
nor the probability of the pilot seeing the target at the
release point. The probability of the aircraft surviving the
defense systems, releasing weapons, and safely exiting the
area is a complex dynamic problem. Many of the critical
variables, such as aircraft position and slant range to

threats change continuously aover time. This indicates that a

48
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Since a pure analytical approach is not suitable,

7

vf%: simulation was considered as an alternative. Hillier and
i}éi Lieberman point out that simulation is costlier than

f{t analytical methods and fails to yield a specific answer,

.éﬁ However, they also note that simulation "is an invaluable
b

;}; tool for use on those problems where analytical tocols are
:§£ inadequate” (Ref 10:4672-673). Shannon notes that in addition
g?i to being an invaluable tool when analytical techniques are
}t: inappropriate, simulation can provide a time history of the
ilﬁ’ modeled process (Ref 19:11). As a result of these

}gi considerations, simulation was chosen as the method to route
AR

l~?\ the aircraft through the target area.

ﬁf Another consideration for the model was the type of

computer language to use. Pritsker and Peaden describe

N different types of simulation systems which may dictate that

-Q? certain languages be used. These authors describe a discrete
:ﬁé simulation srstem as one in which variables change only at
ijﬁ specific points in time. A continuous simulation system, on
;ﬁ; the other hand, contains variables which change continuously
-

Eig over time. Finally, a combined discrete—continuous model is
f“; one in which the variables may change both discretely and

$$ﬂ continuously. They note that an excellent, powerful language
§\$ to use in such cases is SLAM (Ref 17:42,74).

é& The scope of this research is characteristic of the

;Ej discrete-continuous model. The relationship of the aircraft
f;d

2%

2

.....................
-----------------------
.................
..................

Ay




with other entities in the system is continuously changing

over time. An example of this would be the changing slant
ranges between the aircraft, the threats, and the aircraft’s
intended navigation points. Some of the relationships are
discrete and can be scheduled, such as the desired time that
each aircraft enters the target area or the time a missile is
scheduled to be fired.

As a result of these considerations, this research
incorporates a simutation model. The JMEM logic for
probability of target damage due to weapons effects is
modeled via Fortran inserts into a SLAM simulation model,

This research does, however, minimize its dependence on
the SLAM simulation structure. The continuous modeling
capabilities of SLAM are used only to "fly" the aircraft
through the target area and to react to threats. SAMs are
not flown continuously to their targets. Rather, the
movement of each SAM is discretely scheduled. To further
minimize the understanding of SLAM required to operate this
model, the discrete events and file structures typical of
SLAM discrete modeling are to be used. Discrete
relationships are modeled using scheduling concepts available
in SLAM continuous modeling. Standard Fortran arrars are
used to store data, and Fortran "if" statements are used to
schedule a few events which occur only once during the entire
simulation run. The stochastic relationship that may arise,
such as the probability that a pilot is aware of a missile

attack, can be modeled via the distribution function which

S50
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are available in SLAM continuous modeling.

dssumptions

Given the scope and scenario described previously this

model development incorporates the following assumptions:

1. Aircraft airspeed is a constant 525 Knots the entire
time the aircraft is within the 18 pautical mile radius
target area.

2. The pilot will update his position prior to entering
the target area. The accuracies of his heading and
navigation systems will allow him to reach each of his
planned navigation points.

3. A 30 degree angle off pop-up attack will be planned
for all angular deliveries.

4. A pilot who still has his bombs at the target will
release all weapons on a single pass.

S. The POL tanks are uniformly distributed within the
defined target dimensions.

é. The tracking time for each delivery is five seconds
prior to the release of the first weapon.

7. The CEP for level deliveries is 256 feet and for
angular deliveries is 125 feet.

8. When the target of a SAM launch, the pilot will be
able to predict SAM probability of kill and time to
impact which is comparable to the information possessed
by the threat site and missile.

?. The aircraft will not maneuver to counter the short
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ARA burst,

18, At time to impact of two seconds or less, a pilot
who is aware of a SAM whose probability of Kill exceeds
the probability of kill required for the pilot to evade
the missile will evade the missile regardless of his
phase of flight,

11. A pilot who decides to evade a missile will jetticon
his weapons, attempt to defeat the missile, and depart
the target area.

12, A pilot maneuver against a SAM will be perfect.

That is, the missile will be unable to modify the
predicted impact point in the missile aircraft plane
once the pilot has begun his "SAM break".

13. Any pilot who is not aware of a SAM threat, decides
not to react to a SAM threat, or is engaged by an ARA
threat will continue his planned routing through the
target area.

14. The only threat systems modeled will be AdAd and SAM.
15. An aircraft above 108 feet within the target area
(ten nautical mile radius) satisfies the multipath angle
of all threats and can, therefore, be acquired by any
threat radar that is not currently engaged.

184. Each threat site is capable of engaging only one
aircraft at a time.

17. Computations involving aircraft radar cross section
wil)l be based on an average cross section of 2.5 square

meters.

92




18. The minimum acquisition and missile engagement
altitude for SAM systems is 1080 feet above ground. A1)
~ other missile parameters are as defined in Neal and

Kizer’s work and ltisted in Table I (Ref 146:55-54&).

o 19. Each SAM site has two missiles which can be launched

- during the airfield attack. These missiles may be 1

5; launched against a single aircraft or split between the |

‘:: two aircraft,

\;\ 286, Each 5AM uses collision (proportional navigation) !

@f steering to intercept an aircraft,. i

-3 21. A SAM system can continue to track an aircraft

0D inside of minimum missile range. f

j: 22. A SAM system will fire a first missile at its |

’?‘ targeted aircraft one second after track and acquisition |

Zg time has elapsed, provided the impact point is within

:é the minimum and maximum ranges of that type SAM.

L 23. The missile’s maximum time of flight (TOF) is the

ij time to fly a distance equal to the maximum range of the

g threat site.

;f 24, Aafter launch, each missile will fly a constant speed

i% as defined in Table I.

E§ 25. A SAM system will fire a second missi}e Cif

;ﬁ available) at its targeted aircraft a minimum of ten

3 seconds after the launch of the first missile and as

/ 3 soon as the predicted impact point of the second missile

! is within the site’s minimum and maximum ranges.

f; 26, The fuzing error for each missile’s warhead is zero.

%
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27. A probability of Kill of zero will be assessed to

any SAM whose targeted aircraft reaches the target
area’s 18 nautical mile ring.

28. Due to "cool down® limitations, an AAA site can only
fire a single, one second burst of projectiles against
each aircraft,

29. An ARA system will fire the single burst of 1d@9
rounds at its targeted aircraft as soon as the aircraft
enters the AAA maximum range and the six second tracking

delay has elapsed.

Model Querview

The model in this research consists of three major
parts., The first is subroutineg INTLC which is used to set
the initial conditions prior to the actual start of the
simulation. The second major section is subroutine STATE
which contains the dynamic difference equations used to
define state variables, SS(I>. the third division is
subroutine EVENT and its associated Fortran subroutines.
Subroutine EVENT is used to discretely change the values of
global variables, XX{(I)>, state variables, or user defined
variables in response to the occurrence of scheduled time or
state events., Each of these three major portions of the
model will be addressed in greater detail after an
explanation of the coordinate system which is used in this

model .
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Coordinate System

The model is based on a three-dimensiocnal cartesian
reference system centered on the center of the airfield’s
runway. Since direction of the aircraft movement ics a
function of its pitch and heading, it is necessary to
transform headings and pitch into spherical coordinate angles
® and ©. As depicted in Figure ¥, the changes in aircraft x,
Yy, and z coordinates during any time increment, given the
heading, pitch angle, and velocity of the aircraft from some

known point are:

4x = P Sin ¢ Cos © (21>

4y = P Sin ¢ Sin © (22

4z = P Cos ¢ 23
where P = distance aircraft traveled during

time step
= angle due to pitch
= angle due to heading
changes in x, v, and z
coordinates during the time
intervals.

oo

A% 4,4y yandaz

Since aircraft heading is oriented to north and increases
clockwise from @ degrees to a maximum of 348 degrees, it is
necessary to convert, aircraft heading into the & of the
spherical coordinate system. Likewise, since aircraftt pitch
equals @ degrees when parallel to the ground and increases to
+90 degrees up or decreases to -%0 degrees down, it is

necessary to convert the pitch angle to ¢ degrees. The
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following relationships are used to perform these

conversione:

?8 - PCH (245
348 - HDG + %a (25

°
ha

where PCH = aircraft pitch angle above or below

horizon

¢ = aircraft pitch angle in spherical
coordinate system
HDG = aircraft heading in ground plane
9 = aircraft heading in spherical

coordinate system

Subroutine State

In continuous simulation modeling, subroutine state is
used to define changes in state variables as a function of
time. The subroutine is executed at least once each time
increment to update the values of the state variables via
difference equations. The values of these state variables
are then used throughout other parts of the program to
redefine relationships between other variables. In this
model for instance, state variables are used to model the x,
¥, and z position of each aircraft in the three-dimensional
coordinate system centered on the enemy runway, In addition,
heading and pitch angle of each aircraft are defined as state
variables. State variables are also used to define current
ground range from each aircraft to each of the threat
sites and the runway center, and the next navigation point.
In addition, the current system time and the time the pilot

completes his post release maneuver are represented with

57
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}%if state variables.
A??i in addition to updating state variables, this model uses
g;g_ subroutine STATE tao schedule several events via Fortran
;Sag "if-then" structures. Each of these events is scheduled only
'Q:¥ once. The logic for each event depends on the value of one
Titi of the previously mentioned state variables.
*éﬁ An important aspect of SLAM continuous simulation used
'3$$ in this model is the ability to change accelerations over
pfl time. These accelerations are the rates and directions which
.;éi state variables such as heading and pitch change. Therefore,
ﬁi: in addition to establishing the magnitude of an acceleration,
:;?: this model uses pitch and heading direction flage to indicate
'éii whether the acceleration is up or down for pitch or if
e,
S acceleration is right or left for heading.
b 1 .
o

:k; Subroutine INTLC

{?: The purpose of subroutine INTLC in SLAM continuous
ﬁg: modeling is to establish initial values for variables at the
:ﬁig beginning of the simulation run. In this model, the bulk of
‘i:f this task is accomplished by a Fortran call to subroutine
Sij BIGPIC. Subroutine BIGPIC is used to initialize the arrays
ﬂi: to zero and assign initial values as a function of the
f-h entering arguments for the simulation run. In addition to
?E: the call to subroutine BIGPPIC, subroutine INTLC initializes
vaﬁﬁ the values of many of the global xx variables and state ss
g variables which are functions of values returned from the
?E’ call to subroutine BIGPIC,
2
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Subroutine BIGPIC

The purpose of subroutine BIGPIC is to initialize values
which are stored in the major arrays used in the mode!l
(ACFT,TH,TGT,MS8L)>. The array ACFT contains specific
information about each of the two aircraft. Items such as
tail number, planned dive angle, and coordinates for each of
the aircrafts navigation points is stored in the array. The
TH array contains information on each of the enemy’s S&M and
ARA sites. Coordinates of the threat sites, maximum range,
and number of available miesiles are among the items stored
for SAMS in this array, but only the site coordinates are
stored for AAA sites. The array TGT is a small array
containing only the %, ¥, z coordinates of the center point
of the target, the target’s dimensions, and the orientation
(in magnetic degrees) of one side of the tarqget area. The
last of the arrars is MSL which containe specific information
about the missile including, among others, its headingq,
pitch, location, and maximum time of flight remaining. When
the subroutine is called, all of each array‘s values are
initialized to zero prior to the assignment of any values to
the array.

Assignment of the values in the subroutine is via
explicit equations as well as Fortran calls to three
subroutines: SCAN4, JMEMé, and ROUTE?. These three
subroutines perform threat search, weapons effects, and

flight routing functions.
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Subroutine XYCOR!

Subroutine XYCOR! is used to determine the x and y

coordinates of a point B given the x and y coordinates of

another point A, the ground range from & to B, and the

magnetic bearing (MB) from A
clockwise direction from the
the MB and nearest x axis is
always a value between 8 and
process for each of the four

18¢a)>. The magnitude of the

to B. The MB is assigned in a
vertical and the angle o between
determined. That is, o« is

?8 degrees., A depiction of this
quadrants is contained in Figure

changes in the x and vy

coordinates between the Known coordinates of point A and the

unkKnown coordinates of point

following relationships:

GR * Cos «
GR *#* Sin «

b b
X %
"o

where GR

axis
4x and 4y = magni tude of

B are determined by the

(26D
(27>

= ground range from point A to point B
« = angle formed by MB and nearest x

change in x and y

directions to move from point A to

point B.

The directions of these changes are determined by the

quadrant in which the MB is located.
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Subroutine MBRANZ

The purpose of subroutine MBRANZ is to determine the
relationship of point B from point A. The input variables
for the subroutine are the x, ¥, and z cocordinates of each
point, A and B. The output is the ground range (GR2)>, slant
range (SR2), magnetic bearing (MB2) of point B from point A,
and aspect angle (AAR2) of point B reference an entity of
point A. While MB2 is measured in degrees from directly
north of the position of point A clockwise to point B, the
aspect angle is measured in degreec from directly in front o+
an entity, such as in aircraft, at point A clockwise around
the entity to point B. The relationship of these two
concepts are depicted in Figure 18(b).

The method used to determine the magnetic bearing is to
calculate how x and ¥ change in moving from point A to point
B as well as the angle « formed between point B and the
nearest x axis. This is basically the reverse of the
procedure used in subroutine XYCORi1. This angle o is then
added or subtracted from a constant depending upon whether
point B is north or south of point A. The constant is %8 if
point B is east of point A and is 278 if point B is west of
point &. The recult of the angle being applied to the
constant is the magnetic bearing of point B from point A.
The aspect angle is obtained by subtracting the heading of
the entity at point A from the magnetic bearing. If the
result is negative, it is added to 348 to Keep it positive,

The ground range and slant range are each calculated as the

&2




square roots of the sum of the squares of the coordinate
changes. Finally, given the heading at point A, the

direction of shortest turn to point B is determined.

Subroutine SCAN4

.f' The purpose of subroutine SCAN4 is to determine an

;;; approach axis and specific final attack headings for each

?& aircraft which minimize exposure to enemy threats. The input
;'2 variables for the subroutine are the coordinates of each

i;g threat site and the target center as well as the orientation,
‘Ij? or centerline, of the target‘s length. The subroutine logic
?ﬁi investigates 120 degree cones centered on the centerline xt
_§;3 either end of the target area (Fig 11). The cone containing
i*fi the least number of threat sites is the cone through which
_3% the aircraft will approach the target., Once the target

EEE approach is determined, the final heading for each aircraft
Bl

53\ is calculated. The subroutine assigns headings to the leader
2%% and wingman which are 28 degrees apart to avoid identical

§§§ ground tracks. In addition, the subroutine assigns the lead
i;‘ aircraft a ground track which is between the runway and

%E wingman’s aircraft during the approach to the target. This
j;ﬁ insures the wingman can look in the direction of the lead
;;? aircraft and still have the runway’s threats in his field of
'&EE view, Finally, the subroutine calculates a roll-in to final
gfﬁ direction for each aircraft. This is the direction a pilot

)3 A'...l

doing a pop-to-angular delivery will turn to arrive on his

final target heading. The subroutine assesses the aspect of
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the runway with respect to a point five miles prior to the

area target. The aircraft are then assigned turn directions
which insure they are not turned away, or "belly-up" to the
runway during the turn to final. This is depicted in Figure

11.

Subroutine JMEMé

The purpose of subroutine JMEMé is to produce a
probability of target damage due to weapons effects for esach
aircraft. The subroutine also provides data, such as bomb
range which is used later by subroutine ROUTE7 for route
planning. The logic in subroutine JMEM& is based on an
analytical solution which incorporates logic contained in the
Joint Munitions Effectiveness Manual (JMEM) (Ref 28:Ch
4,45-66>. It should be noted that the logic in the original
JMEM me thod does not address the probability of the aircraft
survival nor the probability of the pilot seeing the target
from his release point.

The entering arguments for the subroutine are contained
in Table II. Most of these values are entered via the
initialization of the arrays ACFT and TGT in subroutine
BIGPIC. The bomb ballistic errors, the weapons reliability,
and the circular error probable are approximaticons of actual
values. In addition to these entering arguments, the logic
of the manua) requires reference to graphs and tables to

obtain the averaqge bomb impact angle, the slant range of the

first weapon from release point to ground impact point, the
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TABLE 11

(

N

b ENTERING ARGUMENTS FOR JMEMS$
N

ARy

oy Release airspeed (Knots)

Weapons type (low drag or high drag)
<+ Release dive angle (degrees)
%) Target length (feet)
6o Target width (feet)
'£ Bomb ballistic error (milliradians)
M Weapon reliability
\ Total number of bombs on aircraft

N Number of bomb releases per pulse
3

AR Number of release pulses

! Circular error probable (feet)

a Intervolometer setting (seconds)
AN Delivery Reliability

5 Distance between aircraft weapon stations (feet)
iy Release altitude of last weapon in string (feet)

‘.
$(
»
= expected fractional coverage of area, and the effectiveness
{
}.* type and index.
N )
3ﬁ The calculation of impact angle and slant range is made
s
e in subroutine JMEM& by the use of linear equations which
}' approximate portions of the unclassified graphs in the
'i: manual. In order to reduce the error associated with these
Pd
- approximations, a limited range of release conditions is
f’ represented by the equations of this model. The egquations
&,
‘s assume a 525 Kknot release airspeed, a specified dive angle,
(&
- and within the altitude regimes listed in the code for each
< ‘
N7 delivery.
«’
: Similar to the impact angle and stant range, in the
5]
=) manual, the determination of expected fractional coverage of ‘
q
§ the target normally requires reference to a graph. The )
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graph, however, is based on the equation (Ref 28:C-12):

& —-t2 46 —-t2 -aé2 -péz
E= 2 /2 a:fe dt-béje dt + % [e - el (28
(CéI(T& VT
where E = expected fractional coverage in length or
width
Cé = ,6745
Té = LA/DEP for range
Té = WA/DEP for width
aé = C&(PS + T&Y/(2V2)
bé = C&|P& - Té&l/(2vE)
Pé = LEP/REP for range
P4 = WEP/DEP for width

and LA, WA, LEP, WEP, REP, DEP are as listed on the variables
list in Appendix A. This model sclves the equation to obtain
the fractional coverage. The area under each integral is
determined by a call to function AREADS which uses a numerical
integration technique to assess the areas. These values for
the areas are then returned to subroutine JMEM& and the
expected fractional coverage in lTength and width is
calculated.

Another portion of the manual’s logic requires reference
to a classified table to obtain the effectiveness index type
and value. The entering arguments for the table are weapon
type, type target, and impact angle. For this research, an
approximate index type and index value are used. The type is
MAEB and index value is 3000.

Finally, the manual requires reference to worksheets to
determine delivery accuracy and weapons effects dimensions.

The relationships extracted from these worksheets and used in

&7

»
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ftﬁ this research are:
??k
(.
MaS DEP = .573 CEP (29
T REP = CEP (38)
.'j\'
Lﬂj where CEP = circular error probable in the ground
ol plane, feet
DEP = deflection error probable, feet
- REP = range error probable, feet
T
v AET = MAEB
o WET = MAEB
0 LET = WET
';u where MAEB = effectiveness index value
‘ﬁa AET = effective target-element area in
:{ﬂ ground plane, feet
,3{3 WET = effective target width, feet
W LET = effective target length, feet
A4
o
X L L
A In addition to the determination of the probability of
Ay
“f
355 target damage due to weapons effects, subroutine JMEMS
. includes Fortran logic for the probability of the pilot
o
Eﬁ seeing the target. This is the likelihood that the pilot can
$50
,2& see his target when he is at his weapons release point and
x altitude. The probability is a function of ground range and
e
fﬁ altitude above the target. This information is based on a
N
f@ graph in JMEM (Ref 21:Ch 35,46). The graph‘s information is
e
- not included in the analytical damage assessment method of
ﬁn JMEM but is included in subroutine JMEMS to satisfy
i; objectives of this research.
L
o LN
) Function AREAS
B4
uis As decscribed in the description of subroutine JYMEM&, the
~ Fortran function AREAS is a numerical integration routine for
™
N
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use in the solution of expected fractional coverage in length

and in width of a target by the impacting weapons.

Subroutine ROUTE?7

Subroutine ROUTE? is used to plan each aircraft’s route
of flight, starting at the target and ending back at the
entry point for each aircraft as it enters the target ten
mile radius circle. The subroutine calculates the x, ¥y, and
z coordinates of each turn point as well as the pitch angle
and heading which the pilot would be using as he approaches
these points. AR egress or post weapons release turn
direction is also calculated to get the pilot headed ocut of
the target area in the shortest time possible,

The input variables for the subroutine are included in
Table IIl. The heading for each aircraft and roll-in
direction are passed via Common Statements from subroutine

SCAN4 to subroutine ROUTE?7. The rest of these entering

TABLE 111

INPUTS FOR SUBROUTINE ROUTE?

Lead aircraft’s heading against target,

degrees

Wingman aircraft‘s heading against target,
Roll-in direction on pop maneuver
Tail number of aircraft

degrees

Aircraft planned release dive angle, deqgrees

Aircraft planned release velocity, Knots
Aircraft ingress altitude, feet

Ground range from first release point to target, feet

Release altitude of first weapon, feet
Release altitude of last weapon, feet
Aircraft intervolometer setting, seconds
Number of release pulses

&9
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values are passed to the subroutine via the array ACFT. With

these initial values, the logic in subroutine ROUTE? allows
calculation of each plane‘s navigational information and
storage of this information in array ACFT.

Most of the coordinates for the points are determined
via a call to subroutine XYCOR1. The arguments passed to
subroutine XYCOR1 are the ground range and magnetic bearing
of the unknown point from the navigation point whose
coordinates have most recently been calculated. An exception
to this occurs in the roll=-in maneuver for the pop-ta-angular
deliveries. The specific details of how ground range and
magnetic bearing for each point is calculated will now be
addressed.

The location of the first weapon release point is found
by providing subroutine XYCOR! a ground range equal to the
ground range from first release point to the target obtained
in subroutine JMEM&. The magnetic bearing is the run-in
heading minus 188 degrees. The subroutine contains laogic to
insure that the magnetic bearing, any aspect angles, and
headings remain within a 8 to 348 degree heading system. The
anticipated pitch is the desired dive angle from array ACFT
and the anticipated heading is the run-in heading.

The coordinates of the last release point are calculated
by reference to these coordinates of the first weapon release

point. The magnetic bearing uses the run-in heading. The

7’8
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ground range is obtained from the following:

Level Delivery:
GR = U?7#%1 . 4689*ACFT(i ,8)*((ACFT(i ,®)/ACFT( i, S)>-1> (31>

Angular Delivery:
GR = (ACFT(i,12)-ACFT(i ,4»)Sin((99-ADIVZ7)/57.3)/ (32)
Sin(ADIV/S7.3)

where GR = ground range traveled between release of
first and last weapon
U7 = aircraft velocity in knots
ACFT{i,4> = intervolometer setting in seconds
ACFT(i,?) = total number of weapons on aircraft
ACFT(i,5) = number of bombs released per pulse
ADIV = aircraft dive angle

The coordinates for the track point are found via a
ground range and magnetic bearing which is referenced to the
first weapon release point. The magnetic bearing equals the
runin heading minus 130 degrees. The ground range is

obtained by the relationship:

GR = TRKTM#*1 ,48%9xU7%Cos(ADIV/S7 .2 (3D

where GR

ground range from track point to first
weapons release point

U7 = aircraft velocity
TRKTM = tracking time prior to release
ADIV? = aircraft dive angle

The planned dive angle and heading at the track point are the
planned dive angle and run-in heading.
The model then investigates whether the aircraft is

scheduled to perform a pop-to—angular delivery or a level

21
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delivery. If the delivery is a pop-to-angular, the roll-in
point is obtained via the geometric relationcship portrared in
Figure 12. The turn to final is based on & 4 G turn in the
horizontal plane. The radius of this turn, POPRAD is:

POPRAD (U7%1 .889)2/(32.2%G> (34>

where U7 = aircraft velocity in knots
G = aircraft G load of 4 G’s

The distance on the arc, the SARC, during the turn is:

SARC

(DEGTT/57.3)> POPRAD (35>

where DEGTT

degrees to turn (380 degrees for this
research)

POPRAD radius of turn, feet

Each of the angles A can then be obtained with:

A = (180-DEGTT> /2.0 (38

The distance, HYPOT, between the roll-in and track points is

then calculated as:

HYPOT = (POPRAD)(Sin(DEGTT/S7.3))/(Sin(A/57.3)) (37)

This HYPOT is then used as the ground range between the
points, but a magnetic bearing of the roll-in point reference

the track point is sti)ll required., This is found by
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,z obtaining an angle TA:
»
(.
g TA = (188 - D7>/2.8 (28
i
o where D7 = 360 - 180 - DEGTT
N DEGTT = degrees to turn
e
j{ This angle TA is then added to the run-in heading if the
-
- roll-in direction is left, or it is subtracted from the
A\
d@ run-in heading if the roll-in direction is right, The
Y
Py
aﬂ required magnetic bearing then becomes this temporary heading
ws
hD minus 180 degrees. The bearing and ground range are then
Ak
ﬁx used to obtain the coordinates for the roll-in point.
yvER
1§& The pitch angle at the roll-in point equals the planned
‘7"‘ climb angle, CLMANG, where:
._.‘\
o CLMANG = ADIV7 + 5.9 (39)
e
; where ADIV? = aircraft dive angle (degrees)
o
-.:,:
A The altitude of the aircraft at the roll-in point can be
p—
o determined by the equation:
:ﬁ
%
N RIALT = APXALT ~ <&08) (CLMANG) ca@)
:i: where RIALT = roll=-in altitude (feet)
:ﬁj APXALT = apex altitude during turn to track point
o2
' . . .
Q 1¥ the planned dive angle is 19 degrees, the apex altitude
2
-:;:
W 74
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APXALT = ACFT(i,12> + {ae0.a

where ACFT(i,12) = release altitude of first weapon,
feet.

-

If the planned dive angle is 13 degrees, the apex altitude
ise

APXALT = (2> ((ADIV?7>(18a8.> + ACFT(i,12)/¢(2.8) (41)

where ADIV? = planned release dive angle (degrees)

The final requirement for the roll-in point, the heading at
roll-in, is found by calculating the ingress heading. For a
teft roll-in to final heading, ingress heading equals run-in
heading plus 38 degrees. If the roll-in to final is right,
the ingress heading equals run-in heading minus 30 deqrees.
The next point, the pull up point uses the ingress
heading run—-in 180 degrees as the magnetic bearing. The
relationships in Figure 13 are used to calculate the ground
range back to the pull-up point., The ground range, GR, is,

therefore, found by the equation:

GR = (Sin((?B8-CLMANG)> /57 .3))(ACFT(i ,38)-ACTIN?)/Sin (42)
(CLMANG/37 .3)

where CLMANG
ACFT (i , 33
ACTIN?

aircraft climb angle (degrees?
aircraft altitude at rolli-in point
ingress altitude (feet)
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3& This ground range and magnetic bearing is then put into

(?’ subroutine X¥YCOR! to obtain the coordinates of the pull-up
’;E point. The desired pitch and heading intoc the pull-up point
-§ﬁ are B degrees and the runin heading respectively.

%ﬁ The calculation of the entry point to the target area
Eﬁg requires logic based on the geometric relationship depicted
éé in Figure 14. The reason for this is the exact ground range
\f of the pull-up point to the 18 mile target perimeter is

iég unknown. The coordinates of the pull-up point and runway
i%ﬁ center are entered into subroutine MBRANZ to obtain the

;: relationship of the pull-up point to the runway center. The
?% ground range F between the pull-up point and unknown entry
gs point is then calculated. This range and magnetic bearing
i. are then used with subroutine XYCOR! to find the coordinates
ﬁg of the entry point. The desired altitude, pitch angle, and
'EE heading at the entry point are the ingress altitude, @

v~; degrees, and ingress heading respectively.

izé If, after calculation the track point earlier in the

Ei program, it i noted that the delivery is going to be level
‘:’ rather than a pop-to-angular, the information for the level
ﬁg off, climb point, and entry point are calculated with logic
‘% similar to that described for the pop-to-angular. The level
?? delivery logic is simpler, however, in that no turn is made
.;ﬁ to complicate the planning as does the roll-in to track point
:% calculations for the pop~to-angular delivery

;f Finally, after the information ig calculated for each
oy
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. where EP = Entry point
A PA = Point after EP (climb point or pull-up point)
e RYY = Runway center
:: AA = Aspect of RWY from aircraft located at PA
b 27 = Ground range from RWI to PA
N b = Radius from RWY to aircraft flight path
< ¢ = Ground range from RWY to intersection of aircraft
R flight path and targev area perimeter
Co d = Ground distance from PA to intersection of b and
i’_‘- flight path
s, e = Ground distance from EP to intersection of b and
. flight path
o o« = Acute angle formed by flight path and RWY
:Q' f = Ground distance back to FP from PA
o~
’o
2
ol
b )y . .
o Fig. 14. Entry Point Geometry
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aircraft‘s navigation points, a total distance is calculated
and an estimated time enroute (ETE) is determined for the
aircraft based on aircraft velocity., This ETE is stored in
array ACFT and used later to schedule the times the aircraft
enter the area to insure against fratricide due to bomb
fragmentation over the target. In addition, all the
navigational information, the x, v, z coordinates, the

desired pitch and desired headings are stored in array ACFT.

Subroutine IMPCTZ

The purpose of subroutine IMPCT8 is to calculate the x,
¥y, Z coordinates of the current predicted collision course
impact point of a SAM and its target aircraft. The output of
the subroutine also includes the missile heading and pitch
angle which the migssile must fly to reach the impact point.
The heading and pitch calculations de not address turn
radius. This is compensated for by calling the subroutine
frequently during the missile’s time of flight. The slant
range and time to impact are also outputs of this routine,

The logic for this subroutine differs from the impact
logic described by Neal and Kizer (Ref 146:74-77>. In their
research, the impact point calculations were based on a ratio
of aircraft velocity to missile velocity. While this is
satisfactory for a two-dimensional case in which the plane of
intercept is parallel to the ground, it is not satisfactory
for an intercept plane that is not parallel to the ground.

As a result, logic was developed for subroutine IMPCT2 which

78




does permit calcutation of a three-dimensional intercept

problem regardless of the orientation of the intercept plane
with respect to the ground. The logic for the subroutine is
based on concepts explained by Dr. Charles Bridgeman (Ref 3.
The inputs for the subroutine are the current x, ¥, 2z
coordinates of the aircraft and missile in the runway
centered coordinate system. Alsc needed are the rates at
which the aircraft changes its x coordinate, ¥ coordinate,
and z coordinate. The reference system of the aircraft and
missile is then temporarily set in a missile centered
coordinate system. As depicted in Figure 1S the miscsile’s
current position is the center of this svstem whose %y plane
ie parallel to the actual ground. The coordinates of the
aircraft in this missile centered system are represented by
PZXRF, PRYRF, and P22ZRF. The length of the vector SR?Y is
initially calcutated and designated as S1, The time for the
missile to fly the distance S1 is computed and called TTI®.
The changes in aircraft x, v, and z position during this time
TTI8 are then computed and added to PZXRF, PIZYRF, and PZZRF
to get the coordinates of wher2 the aircraft will be after
time TTIB8, A vector SRI is drawn from the missile’s current
position to where the aircraft will be TTI8 seconds in the
future. The magni tude, 52, of vector SRl is then compared to
the original value of S1, If the difference between 32 and
81 is leges than five feet, then the aircraft position at the
end of time TTI8 is where impact will occur if the aircratt

does not maneuver. However, if $2 and S1 are more than five
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:§ feet apart, an interative process is used to determine the

"
;R final impact point by repeating the calculations. I+f the
{3 aircraft is moving away from the missile the value of S1 is
EE reset to that of S2. 1f the aircraft ie moving toward the
:ﬁ missile, the S1 value is reset to an average of Si and S2

‘s values prior to the next iteration.

125 The subroutine then calculates the impact point

jﬁ coordinates in terms of the rurway centered coordinate

:;f system. The missile heading required to arrive at the impact
‘if point is determined through the use of MERAM2 and the missile
:< pitch is calculated by comparing the missile’s height to the
z; planned impact height,

.5 It is possible that the planned impact point could lie
td below the 180 foot minimum SAM engagement altitude. One time
::4 this could occur is when the aircraft descends below 188 feet
.%f during egress from the target area. The subroutine will

S detect this and redefine the z coordinate of the impact point
s& to be 189 feet above the ground. The result in this case

:? will be a missile detonation above the aircraft during

1: egress. This type of situation is depicted in Figure 16.

i% Finally, the subroutine compares the maximum time of

§§ flight remaining for the migssile to the required time to
:3 impact. If the time required to impact exceeds the maximum
,ﬁ time of flight remaining for the missile, then the subroutine
T: indicates that the missile will not catch the aircraft given
tq the aircraft’s current flight vector.
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Fig. 16. Missile Detonatian at Minimum Altitude
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Subroutine BREAK3

The purpose of subroutine BREAK2 is to provide a
direction of turn, a heading, and a maximum turn capability
to the pilot who has decided to perform a SAM break maneuver
against a missile. The entering arguments are the missile’s
identification number, the missile’s target aircraft, and the
coordinates of the aircraft and the missile. Subroutine
MBRANZ2 is called to determine the aspect of the missile to
the aircraft. Subroutine BREAK3 then assigns a maximum
performance 8 G turn toward the micssile in an attempt to
reduce the missile’s ability to compensate for such a turn.
In addition, the subroutine provides a desired heading for

the aircra+ft.

Subroutine PKAAL1Q

Subroutine PKAALB assigns a probability of an aircraft
Kill due to AAA. As described in Chapter 11, the A;A threat
is a one second burst. The entering argumente are the slant
range, SR1@, from the aircraft to the AAA site; the average

vulnerable area, AV10, of the aircraft; and the aircraft G

loading, TGTG1O@.

Subroutine PKSAM?

An aircraft’s probability of being killed by a missile
is calculated in subroutine PKSAM®. Although the initial
probability of Kill (PK) is assessed at missile launch, the

missile“s inflight PK can vary due to changing engagement

83

OO AN 4 G g R by ST S N i 3G 35 A5 S VA R I I R TR T AR Y, A R A I R A N A AL G

e tp tectempcm
x':his':\‘..&":.'.‘



conditions. As the aircraft maneuvers, the location of the
predicted impact point varies. As this planned impact point
changes, so does the correcsponding r;nge of that point to the
threat site. Since CEP depends on the value of this range,
the CEP and resulting PK will also vary.

To compensate for variations in engagement conditions,
subroutine PKSAM? is called at one second intervals to update
the value of the anticipated PK which corresponds to the
current planned impact point. The subroutine is also called
at the missile detonation time to calculate the actual Pk.

If the subroutine is called due to a missile impact location
update, the subroutine uses an equation used in previous
works (Ref 16:40)>. This equation, the rationale for which is

described in Chapter 11, is:

(LR/CEP)Z2
Pk = 1.8 - .5 (12)
where PK = probability of killing the aircraft
LR = lethal! radius of the missile warhead
CEP = circular error probable of the missile’s

guidance system

This equation is not appropriate, however, when the aircraft
actively maneuvers against the missile, An assumption of the
equation is that the aircraft is at the predicted impact
point. Miss distance against the nonmaneuvering target,
therefore, is merely a function of missile guidance error as

calculated in the equation. If, however, the aircraft
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maneyvers at a time and in a manner such that the missile can

not adequately update its impact point prior to detonation,
the aircraft will not be at the impact point at detonaticn.
In this case the miss distance is a function of both missile
guidance error and sltant range of aircraft from detonation
point. It is for this reason that the cell PK solution is
used.

The cell PK solutiom, as described in Chapter II,
divides the plane of impact into 109 cells., The 1@8% cell
method is used due to its significantly increased accuracy
over the 18 cell method. This plane of impact is defined by
the plane through the planned impact point that contains the
flight vector of the missile and the flight vector of the
aircraft used in determining the impact point. The
aircraft‘s stant range from each of these cells is computed
at detonation time, compared to the lethal radius, and a
probabiliy of Kill is assigned. This cell Pk solution is
used when the subroutine is called due to a missile
detonation since it accounts for both a maneuvering and
nonmaneuvering target. The PK equation is used at all other
times as it is satisfactory for the nonmaneuvering target and

minimizes computation time.

Subroutine EVENT

Subroutine EVENT ie the most important and lenthy
subroutine in this program. The subroutine is used to move

from the scheduled SLAM events logic to the actual events
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themselves. It is not one event, therefore, but a large

assortment of events which are triggered by SLAM state
variables passing specified values. Some of these values are
constants, but others are global wariables which are revalued
many times within the program.

The first two events of the 34 events in the subroutine
aré used to give each aircraft an initial velocity. Once
initialized each aircraft maintains this airspeed throughout
the scenario.

Evernt 3 is used to provide aircraft 1 rz2uigational
information., The event is called as the aircratt passes a
navigation point and needs information about the next
navigation point. ThLis information, the next coordinate’s x,
Yy, and z coordinates as well as the necessary heading and
pitch to reach that point are stored in global values
[xx¢13-19>1. The %, ¥, and 2z coordinates are usually what
have been stored in array ACFT by the flight planning
subroutine ROUTE?. The heading to the next point [xx(18)1 is
found via a call to subroutine MBRANZ. The pitch angle
requirgd to get to the next navigation point is computed by
comparing the aircraft’s current altitude, the desired
altitude at the next point, and the range to the next point,
This range to the next navigation point is then stored as a
state variable [ss(22)). A special case occurs in the
pop-to-angular delivery. To insure the aircraft rolls out
close to the flight planned target attack heading, the

desired heading into the turn point is the heading inta the
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In the case of aircraft 2, however, the data for the next

o
U
NS
iﬁk track point obtained from the flight planning routine ROUTE?
A and stored in array ACFT.
{
'u, Once the desired navigational information is obtained, a
o
‘;x{ check is then made to see if the desired heading and pitch
13? vary from aircraft number ocne’s current heading [ss(42] and

3
200 pitch [ss(S>]1., If there are differences, a heading flag
KA
«-ﬁ and/or pitch flag is set to indicate an acceleration in
.‘..l "o
A
«H%- heading or pitch is required. In addition to setting these
iy
g flags, a direction is set (right or left for heading and up
o
.Sg or down for pitch). The aircraft G loading during

o -
N navigational turns is 4G. A similar event, event 4 is used
\ L
;\}3 to perform these same types of calculations for aircraft 2,
AAS i
R N-‘ ‘
F, %

Y,
‘5‘*‘) "l"ﬁ ”

navigation point is stored in different global variables

1
% [xx(25-29>1.

v
*:3 It is also in events 3 and 4 that the probability of
L

"»

> aircraft arrival at the last weapons release point and

ig probability of target damaqge are assessed for each aircraft.
?ﬁ The probability of arrival is determined by the equation:
YN
Y
e

:ﬁﬁ PA = (1=-PK1)(1-PK2)(1-PK3){1-PK4) (1 -PK3)(1-PK&> (43)
A%

$€ where PA = probability that the aircraft survives through
;1; weapons release.

1~ PKi = current probability of Kill assessed against
o the aircraft from each of the four missiles
3N and two AAA sites.

.
A

1%

on The probability of target damage is then determined by the

=~
":,", relationship:
o

o
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(PA> (PDMG) (PSEE? (44>

where PTGTDMG probability of target damage by the
aircraft.

PA = probability pilot arrives at target.

PDMG probability of damage given pilot bombs
the target (JMEM calculations).
PSEE = probability that pilot can see target

Events 3, 4, 7, 8 are used to reset the heading and
pitch flags of the aircraft to zero. Events 5 and & reset
the heading flags of aircraft 1 and 2 respectively and rest
the G loading to 1.6, Events 7 and 8 are used to reset the
pitch flags of aircraft 1| and 2 respectively. The effect of
setting a flag to zero is to cause the aircraft toc maintain
the current heading or pitch.

Events 9 and 10 are used to direct aircraft 1 and 2
respectively out of the target area., These events may be
called after an aircraft completes its 45 degree turn after
weapons release, or may be called after an aircraft has
completed a "SAM break” against a missile. The evént uses
the aircraft’s current position and the coordinates of the
center of the airfield runway to obtain the aspect of the
airfield to the aircraft via subroutine MBRAN2. The aircraft
is then programmed to turn in the shortest direction to a
heading that equals this bearing and exit the target area on
this heading, The aircraaft is also directed to begin a

descent to 50 feet altitude to get below the minimum SaM

engagement coverage.
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Events 11 and 12 are used to schedule abrupt level-offs,

that is set pitch and pitch rate to zero, for each aircraft

gi as the aircraft arrives at 58 feet. Events 13 and 14 are

E;: scheduled when aircraft | and 2 respectively reach the 18

;;l mile radius circle and, therefore, exit the target area. The
'v; aircraft velocity is set to zero and the status is set to

S;ﬁ idle. It is also in event 14 that the probability of

Si: survival for each aircraft is calculated as well as the

EH' overall mission survival rate and overall target damage as a
;5: result of the activities of both aircraft.

}i Events 15 and 14 are used to trigger the SAM esngagement
't;E logic for each aircraft respectively. The event is initially
_%? scheduled when an aircraft climbs above 1088 feet anywhere

?6 within the 18 nautical mile radius circle. A check is made
2@; to see which of the SAM sites are ready to begin acquisition
'ig and tracking of the target. The requirements for such a

<. ready status are the site not currently tracking a target,
’%; confounding delay complete, and one or more missiles

iﬁ available to launch. For each site that is readr to begin
}% acquisition and tracking of the target aircraft, an

5:; acquisition and tracking completion time or ready-to-tire

2; times is scheduled. This ready-to-fire time depends upon the
_f; value of the acquisition and tracking requirement for each
Sf? specific site.

.EE When the current time reaches the ready to fire time for
i; a site, event 17 or 18 is called. Event 17 is called for SAM
33 site 1, and event 18 is called if current time reaches the

2%

> 8%
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ﬁé: ready-to-fire time for SAM site 2. Initially, in each event,

e

«
B

b %

the site is merely identified as { or 2 2.d variable ITHRT

g3
. B

set equal to it. Then, the logic proceeds to common launch

logic where the missile launch decision begins. For this

h S &N T
B A A e
L NI

X decision, the SAM site“s coordinates, the aircraft
Qi, coordinates, the aircraft’s x, ¥y, and z velocity components,
?g and velocity of the missiles from that site are inputted into
:i subroutine IMPCTS8. If subroutine IMPCTS indicates that the
Eﬂ projected impact point for an immediate launch lies bevond
.ﬁ; maximum missile range or inside minimum range then a delay of
;ﬁ five seconds is scheduled prior to the site once again

;? deciding whether or not to engage. If the target aircraft is
5?; within missile minimum and maximum range, a missile is
‘id scheduled to be fired one second later from that site. 1If
i

ég the missile to be fired is the site’s firet missile, a
iig ready—~-to-fire time based on a ten second delay is scheduled
! for the second missile. In addition, a check is made tg see
é% if the other missile site is tracking the same aircraft for a
E; possible engagement. If it is, then the status of the other
’:; site is changed to zero. If the missile scheduled for firing
Eﬁ is the second missile to be fired by the site, the site
Eéﬁ status is changed to zero due to a missile reloading
;;f requirment.

ég Events 19 and 28 are used to assign threat sites 3 and
}g 4, the APA sites, against an aircraft, Either of the events
'ii is called when an aircraft is within the AAA site’s maximum
::3 range and the tracking delay has elapsed since the aircraft
-2
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entered the AAA engagement ring. The average target
vulnerability is assigned and subroutine PKAALA is called to
assign a probability of kill by that A&A site against the
aircraft. Events 21 and 22 are used to disengage an ARA site
from an aircraft when the aircraft range from the AAA site
exceeds the maximum range of the AAA weapon.

Events 23, 24, 23, and 24 are missile launch and
predicted impact point update calculations for missiles 1, 2,
3, and 4 respectively. If one of these events is scheduled,
a check is made to see if the missile’s launch time {(global
variables xx(71) through xx(74)) is nonzero. A zero value
indicates the missile is not yet airborne, but a nonzero
value is an airborne missile’s last time that the missile’s
planned impact point was updated. If the missile is not vet
airborne, then it is launched. The number of missiles
available at the site is reduced by one, the missile’s target
aircraft is assigned from the site, and a maximum time of
missile flight is programmed via a missile destruct time that
equals launch time plus maximum time of flight remaining.

The launch time is also assigned to array MSL.

As a missile is launched, it uses the same logic as
airborne missiles to update the predicted impact point
information. This logic begins by calculation of the
spherical coordinate system angles & and ¢ which represent
the missile’s heading and pitch since last update of missile
impact point, This is similar to the relationships between

aircraft heading and pitch and the spherical coordinate

21
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systems angles 9 and % portraved in Figure ®. The missile’s
current x, ¥, and z coordinates are then calculated as a
function of its position at the last calculation of predicted
'égi impact point, the time since that last update and the change
in missile x, ¥, and z due to its flight vector. The
missile’s current coordinates, velccity components,
aircraft’s coordinates, and the aircraft’s x, ¥, and 2
components of velocity are then inputted into subroutine
IMPCT8 in a similar fashion as described for esvents 17 and
18.

This logic for events 23, 24, 25, and 26 contain an
addition which events 17 and 18 do not. In events 23, 24,
25, and 26 a probability of awareness is assigned. This is
the probability that the pilot will be aware of the missile.
1¥ this number indicates that the pilot will be aware of the
_ﬂﬁ missile, then the AWARE is set to indicate this. (This is
used later as the time to impact approaches zero.) Then
prior to calling subroutine IMPCT8, the maximum remaining
- flight time of the missile is calculated. The subroutine
IMPCT8 returns the planned impact point coordinates for
current missile and aircraft flight vectors. It also
provides the pitch and heading which the missile must fl1y to
reach this impact point and the siant range and time to that
impact point.

s The subroutine PKSAM? is then used to assess the S&M PK
against the aircraft given the revisd impact point. The

glant range from the threat site to the

impact point is




~
‘;: calculated via subroutine MBRANZ. The aircraft slant range
eE: to the impact point is also calculated for uce at time of

ES warhead detonation in the cell PK solution. A jamming option
éé is set to represent either a jamming or nonjamming aircra+ft
'ﬁs prior to a call to subroutine PKSAM? to obtain the Pk. A

o check is then made to see if the Pk of the miscile exceeds
'\* the Pk, which, if perceived by the pilot, will cause the

}f pilot to jettison his weapons and actively maneuver against

the SaM. 1f the missile PK is less than this value, there is

no action taken by the pilot, the pilot continues his planned

A

WP e g

route profile, and the next impact point update is made in

one second. 1If, however, the Pk of the missile exceeds the

)

3 value at which a pilot would react against the SaM, then a
‘Hj check is made of time to impact and pilot awareness. If the
ﬁjﬁ time to impact exceeds two seconds, or if the pilot is
§§ unaware of the missile’s presence, then no defensive action
;%1 is taken by the pilot. Otherwise, subroutine BREAK3 is
ﬁz called. At this time the aircraft flag for a defensive
'gg maneuver [ACFT(i,11)] is set to 1.8, and the impact point is

~ no longer updated. This indicates the inability of the
;‘E missile with relatively short time to impact to be able to
'23 effectively move its planned impact point in reaction to an
‘:f aggressive aircraft defensive maneuver.

:f‘ Events 27, 28, 29, and 30 are the logic for occurrences
553 at the actual detonation times for each of the missiles,

}%; These events identify the missile that is detonating. For
is each detonating missile, the range from the impact point to
'od
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launch site is computed and a CEP determined for the time of
impact. The cell PK solution is used to assess Pk at
detonation time, whereas the equation solution of PK is used
for all planned impact point update calculations. After a
SAM PK is assessed against the aircraft, event ¥ or 1@ is
called to route the aircraft out of the target area. The SAM
PK is then stored in array ACFT.

Finally, events 31, 32, 33, and 34 are called to
gschedule AAA fire against the aircraft. Events 31 and 32
represent calculations for AAA site | against aicraft | and 2
respectively. Events 33 and 34 represent calculations for
ARA site 2 against both aircraft. In each case, an A&AAQ
tracking completion time is scheduled. It is at this
completion time that the AAA can fire at the aircraft and the
previously described AdA PK calculations are made. As with

the SAM PK, the AAA PK is stored in array ACFT.

Summar ¥

The aircraft survival and target damage questions posed
by this research involve concepts which are adequately
represented by a discrete-continuous simulation model. The
SLAM tanguage is used, but minimum dependence is placed on
it. The continuous capabilities of SLAM are incorporated,
but standard Fortran logic is used extensively. The model
includes an analytical approximation of a JMEM
hand-calculation method to compute weapons effects, linear

approximations of a graph from JMEM to assess the probability

?4

L
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of seeing the target, and an extensive threat and pilot
reaction scenario to determine the actual probability of the
pilot to arrive at the target and to successfully exit the
target area. A computer listing of this model is contained

in Appendix B.
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IV, Verification And Validation

The credibility of a model depends in large part on its
verification and validation. These two processes are
performed to insure the model performs as expected and to see

it its output is representative of the system it models,.

Verification

The verification process is the determination of whether
or not the model performed as intended. WVerification is not
a determination of whether or not the model“s cutput is
characteristic of the system being investigated. Rather,
verification is used to investigate the suitability of the
model ‘s output given the input and the model“s processes.

This research used five basic verification techniques
described by Law and Kelton (Ref 13:334-334). First, the
model was written in modules and transformed into
subprograms. These subprograms were verified prior to
incorporation into the general model. Second, & structural
walk—-through technique was used. After writing the code for
a subroutine, an analyst "walked" the other analyst through
the code to check for logic or syntax errors. Third,
numerous PRINT statements and a trace were used. These PRINT
statements were placed to identify system changes following
the occurence of events in the model. The trace was used to

show the continuous movement of the aircraft with respect to
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Egﬂ the navigation points and threats. Fourth the model was run

iﬁl and the results compared with hand calculated results.

E;J Finally, the movements of the aircraft and missiles were

?ﬁz analyzed graphically,

i; The model contains the nine major subroutines and one

x5 Fortran function described in chapter III. The model! also

3& contains a major subroutine, subroutine EVENT. The following

is a description of the verification of these components of

the model.

ne Subroutine XYCOR1. The desired ocoutputs of subroutine

:::I' XYCOR! are the coordinates of a point B given that point’s
;Eg relationship to another point A whose coordinates are Known.
E=§ The subroutine was verified by positioning point A in each of
[~

the four cartesian quadrants, on each of the x, y axes, and
s at the center of the coordinate system. In each of these
cases the magnetic bearing and range to a point B were

inputted into the subroutine. Further, for each case, the

l. .
F

O

;: position of point B was rotated through 340 degrees arcund
é; point A at 15 degree increments. The computer derived

fﬁ coordinates were then compared to hand calculations and

5; ¢, aphpaper plots.
E?E Subroutine MBRANZ2. Subroutine MBRANZ was developed to
_;g determine the magnetic bearing, ground range, slant range,
EgJ and aspect angle of a point B reference to a point A given
Ei the coordinates of each point. Verification of this

%; subroutine involved three phases. The first phase waes to
:Ei rotate the heading of the entity at point A through 348

A 9?7




”
., degrees at 15 degree increments and note that aspect angle
:.::‘-".:. alone changed. The second phase was to vary the altitude of
Q the point B, hold the x and ¥ coordinates of A and B

g_‘: constant, and note changes in slant range. Finally, the

*E‘{ location of point B was moved about in the different

::.._ quadrants of the xy plane. Comparison with hand calculations
indicated satisfactory program output.

.:::::f Subroutine SCAN4., Subroutine SCAN4 is used to assecs
_:;.\ threat locations reference to the target and to produce

‘..: cptimum threat avoidance run-in headings and turns to final
‘.‘ run~in headings for e2ach aircraft, The subroutine

::3 incorporates subroutines XYCDOR! and MBRANZ2. The subroutine
‘f: was verified by placing different numbers of threats in each
-.'- of the two possible approach cones to the target. The

::. subroutine consistently produced the correct information as
-\...__ verified by plots on graph paper.

f'7 Function AREAS. Function AREAS is a numerical

A.'_;.. integration routine used by subroutine JMEM& to calculate
':i fractional coverage of the target area. Prior to

':- incorporation into JMEM&, this Fortran function was verified
against hand calculated results. The results from the

"{, function compared favorably with the hand calculated results
‘l:-: as indicated below:

o Hand Calculation Function AREAS

.8842 8862

L 8753 ‘5842

3 . 4431 4428

3%
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ii- Computer results were also compared to results obtained from
AR
.;{~ a graph used by the JMEM logic. Once again, the computer
.
K:Q, values compared favorably:
3
o JMEM Graphical Solution Function AREAS
- .59 .59
:‘-' N . 98 . '?8
\ .77 77
::',::. . 97 . 96
i
'?} Subroutine JMEM&. Subroutine JMEMA wag developed to
\'.\:
g perform the manual’s analytical calculations of target damage
..'.\
=N due to weapons effects. As noted in Chapter I1I, this
._:’\
-{: subroutine makes use of approximations of some table and
A
g graphical data from JMEM, approximations which are adequate
}?; for the scope of this research. The most critical output of
: the subroutine is the target damage, but several other pieces
- of information, including ground range of release point to
."“.
3& the target, are used by other parts of the program. Finally,
AN
;ﬂ& the probability of seeing the target, thouagh not a part of
- the analytical method in the manual, was incorporated into
T
‘Cﬂ the subroutine.
"
- In order to verify the computer program’s probability of
target damage, four different scenarios were hand calculated
Y using the time consuming JMEM methodoloqy. The scenarios
' were chosen to represent all the possible tactics of this
~> research. As a result, the verification scenarics consisted
N
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of a level attack with high drag weapons, a level attack with
low drag weapons, a pop—to-low angle delivery with high drag
weapons, and a pop-to-low angle delivery with low drag
weapons. The parameters of each scenario, including the
release altitudes and the intervolometer settings, were
characteristic of the specific scenario. A comparison of the
resulting probabilities of damage due tc weapons effects are

as follows:

JMEM Hand Calculation Computer Program

Level, high drag 024 824
Angular, high drag .851 .852
Level, low drag .833 .833
Angular, high drag .840 , 859

The hand calculated ground ranges and slant ranges also
compared favorably with the computer program product.

The computer program used linear approximations of a
JMEM graph to produce probability of the pilot seeing the
target at the release point (Ref 28:C-13>. Results using the
program logic were compared to results using the JMEM gragh.
For altitude regimes between 8 feet and 2580 feet and for
ground ranges of 2080 to 7008 feet, the greatest error was
only .84, but the typical error between the graph and program
was .82 or less.

Subroutine ROQUTE?. The purpose of subroutine ROUTE? is

to plan an ingress route of flight to the target. The method

used in the subroutine is to start at the target and plan
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‘éﬁz back to the entry point for each aircraft. The subroutine
i%é uses bomb range information from subroutine JMEMé, roll-in
};: directions and run-in headings from subroutine SCA&N4, and

ii geometric relationships from subroutines XYCOR1 and MBRANZ2,
i% As these other subroutines were verified prior to the

%i development of subroutine ROUTE?, no problems arose during
;E& its verification involving several different scenarios. In
o
;;ﬁ each case the computer program derived coordinates agreed

ZQ; closely with hand calculated and graphical results, The

%i: results of one of these scenarios, a high drag level delivery
s& by aircraft number one and a high drag pop-to-angular

;ﬂ delivery by aircraft number two, are c?ntained in Table IV,
;ﬁ; The target information and threat locations for this scenario
Q:E were as defined in the scope of this research,
:Qi Subroutine IMPCT8. Subroutine IMPCT8 was designed to
$§E provide the time to impact and impact point coordinates given
'ﬁﬁ the aircraft and missile locations and fiight vectors. The
43 allowable error in the calculation of the impact point is
;iz five feet. The subroutine was verified prior to 1
‘fﬁ incorporation into the general program by investigating

}. several scenarios. In each scenario the missile position

Ei: after the program’s elap;ed time—-to-impact was compared to
V3 the aircraft’s position. The first scenarioc was an aircraft
f; directly above the missile and flying straight up. The

,Eé second was an aircraft displaced 20,800 feet east from the
L missile and flying directly north. The third was similar to
%ﬁ scenario two but allowed the missilfe a maximum time of flight
%
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: TABLE IV :
"l
( l
~ Results of Verification of Coordinates
3
\v
3
N ;
) Aircraft #1 HAND CALCULATED COMPUTER CQUTPUT ¥
COORDINATES COORDINATES :

N IN FEET IN FEET
po
4
B
1l
i X b % by
ﬁ Last Weapon Release Paint 2588 -4237 2595 4723
> First Weapon Release Point 1993 -5447 1969 -5443
~ Track Point -1729 -3v09% -1721 -2695
y Level QFf Point -3%87% ~-9338 -37404a -2531 -
A Climb Point -58806 -18335 ~-5878 -18250
- Entry Point * * -45743  -38827 K
)
W
v
i Aircraft #2
< Last Weapon Release Point 2976 -5442 2975 -354463 d
: First Weapon Release Point 2582 -4138 2582 -4139 -
N Track Point -1 -9714 -1 -2713 X
= Roll=-in Point ~2424 -11748 -2421 -11744 3
) Pull-up Point -502% -12%42 L] -12935¢9 H
Q Entry Point * * -494180 -33744 .
‘ -
- *Note: The entry point coordinates were verified by -
3 comparing computer values of each entry point with .
o the ten nautical mile radius circle and the bearing 5
j from the next point after entry point., In each N
3 case the computer generated entry point was exactly -
- 48,000 feet from the runway center and at the '
' desired bearing from the navigation point following

the entry point, ;
¢
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of two seconds. Finally, in scenario four, the aircraftt was

¢
)

"

ok

'Cal
k&

located 20,000 feet away from the micsile with a flight
vector pointed directly at the missile. Hand calculations of
cases one, two, and four confirmed the computer results.

That is, the missile and aircraft were within five feet of
each other after a time equal to the program’s ocutput of
time-to-impact. In case three, the subroutine correctly
predicted that the impact point was bevond the miscsile’s
maximum time of flight. Finally, the subroutine correctly
assigned a minimum impact altitude of 188 feet above the
ground when the aircraft was below 100 feet.

Subroutine PKSAM?. Subroutine PHTaM? was developed to

determine the probability of a missile Kill of either a

maneuvering or nonmaneuvering aircraft. @As described in

s Chapter III, an equation is used to calculate the PK for

éﬁ? planned impact point positions. At the detonation time,

*?i however, a cell method is used to calculate the PK. These
,}5 cell PK calculations were verified in three steps.

ﬁ?é First, a 18 cell model was built and an aircraft placed
:ZI in the center cell. Thiec represented the case of a

E;: nonmaneuvering target. With this scenario, hand calculations
35: of PK were made for both jamming and nonjamming aircraft.
‘2; The results were compared to Pk calculations using the

_;i equation form. The results were favorable but greater

iﬁi accuracy was needed than was available in the 18 cell model.
}g; This resulted in the second step, the development of a 109
”55 cell model.

s
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h@- Once again an aircraft was positioned at the center of
the model ard the results of both jamming and nonjamming
scenarios were compared to the equation’s results. The

w} results of the cell method were identical tc the equation

method. During this second step, the aircraft was also

AEN placed at positions other than the exact center of the model.
‘fﬂ Hand calculations of the slant ranges to various cells
:?} verified that the computer ocutput was correct,

The third step involved the verification of the

i&, subroutine after it was incorporated in the main model. The
'?i slant ranges from the aircraft position to the center of

?2 cells one through ten were hand calculated. These results
:% confirmed the accuracy of the computer output. In addition,
>:2 two celles from each of the models remaining rings were chosen
EQ& and slant ranges to these cells calculated. Once again, the
%ﬁf hand calculations confirmed the accuracy of the computer

iﬂf output.

‘V: Subroutine PKAA18. The purpose of subroutine PKAALE is
Jgﬁ to calculate the aircraft’s probability of Kill when fired
tb& upon by AAA. The subroutine was verified in two steps.

??& First, ten different slant ranges and aircraft G loadings

i&; were put into the program. The resulting values of PK were
ﬁ% identical to hand calculated results. The second step was
.52 the verification of the subroutine’s ocutput after the

Tg& subroutine was incorporated into the main model. Print

.:; statements were used to cbtain the computer calculated values
ij of PKk. These values were verified correct via hand
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b
N calculated results.
.
et Subroutine BREAK3. Subroutine BREAK3 was developed to

provide a turn direction, a heading, and a maximum turn rate

»ég; acceleration capability to the pilot who performs a defensive
‘t;: maneuver against a missile. Prior to incorporation into the
.5; main program, ten different scenarios were investigated. In
,Zg each scenario the missile was placed at a different aspect to
o

':ﬁ the aircraft. Hand calculations and graph paper plots

%;; confirmed that in each scenario the scheduled turn direction
5&3 and required heading were correct. Further, in each case,
:?i the subroutine scheduled an 8G lateral acceleration.

fﬁ- Subroutine EVENT. In addition to the verification of
N E—

iﬁé the individual subroutines described above, the interaction
?fi of subroutine EVENT with the other parts of the program was
ﬁ;:- verified. As noted in chapter IIl, the purpose of this

i;f important subroutine is to permit scheduled events to cccur,
'?” events which occur as a function of time and/or position of
%& the entities in the target area. The major functions of the
':3 subroutine can be classified in one of two categories. The
:§§ first of these is the three-dimensional routing of the twa
‘5% aircraft from navigation point to navigation point, the

i%; accomplishment of the desired wesapons deliveries, and finally
;}5 the exits from the target area. The second major task is the
:2% execution of the threat logic, that is the actions taken bty
;ié the threat sites and their weapons against the aircraft.

"; Included in this latter task are the reactions of the pilots
Eé to the threats.
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:§ In order to verify the models performance of each of
W these two major tasks, the verification was performed in two

:Rg phases., The first phase verified the performance of

§§ subroutine EVENT in routing the aircraft through the target
$§ area. This verification is contained in Appendix C. The

.& second phase, the verification of the threat logic and pilot
;g reactions to the threats is incorporated in Appendix D.
;f$ It should be noted that during the verification of the
¥?5 routing and threat logic of subroutine EVENT, several
§3§ significant observations were made. These included

if: limitations of the SLAM SEUNT input statement logic, required
iﬁ tolerances in determining navigation point passage, and the
§§ effect of SAM Pk on the nonjamming pilot‘s decision to break
o against the SAM.
‘iﬁ In SLAM, the SEUNT input statement is used to call a
;ig specific event when some SLAM variable passes a defined value
-1ﬁ {threshhold)., The original program for this research

i: contained 40 such SEUNT statements. It was then discovered
i;j that a maximum of 25 such input statements can be used in the
“k; SLAM language. As a result, 25 of the most critical

5; threshhold occurrences, situations which repeatedly occur

;E during each computer run, were left in SEUNT input statement
E%; logic form. The remaining occurrences, most of which occur
3; only once during each computer run, were either incorporated
E; into subroutine STATE with Faortran "if-then" logic, or were
2; scheduled via the SCHDL subroutine available in SLAM.

ni; A problem arose, however, with the scheduling of events
>
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from subroutine STATE. Since this subroutine is only

required to be called a minimum of once each time step, a
delay often arcgse between the time an event should have been
called and the time that subroutine STATE was called and the
resulting call to the event was made. Critical delay errors
resul ted during the calculation of aircraft position at
scheduled impact time. WVarious time cstep sizes were used to
reduce these errors without incurring unreasonable computer
run times. A time step size of 1.8 second resulted in the
omission of several events. Step sizes of .25 seconds and .1
seconds resulted in all events occurring but significant
errors in the times that detonation events were called.
Increments of .881 seconds resulted in satisfactory output
but unsatisfactory computer run time. Finally, .05 seconds
was tested and vielded a satisfactory tradeoff between the
timing error in the call to the detonation events and the
computer run times, As a result, time steps of .85 seconds
are used in the model.

The second observation was the requirement to allow
sufficient tolerance for navigation point passage by the
aircraft. To reduce computational time, heading and pitch
adjustments were only made at navigation points rather than
continuously. It was found that even with one midcourse
correction during the long ingress portion of the profile,
system errors resulted in aircraft missing navigation paints
in excess of 100 feet laterally. While this is not a

significant error in the real! world, the error required the

1e?




use of a 200 foot lateral tolerance for navigation point
passage.

A third observation involved nonjamming aircraft and the
logic required to call subroutine BREAK3. Use of the
equation form of the SAM PK assessment with a nonjamming
aircraft always resulted in a very high PK of 8.99. For a
nonjamming aircraft, therefore, the driving force as to
whether or not the pilot executes a break against a missile
is whether or not he is aware of the missile. The nonjamming
pilot, therefore, always executes a break if he is aware of

the missile.

Validation

Validation of a model is a determination of whether or
not the model’s ocutput is representative of the system being
modeled (Ref 13:334). Law and Kelton describe the following
three critical aspects of model validation (Ref 13:338-343):

1. Develop a model with high face validity.

2. Empirically test the assumptions of the model.

3. Determine how representative the simulation output

data is.

To insure high face validity, extensive use was made of
conventional weapons delivery literature. The logic used to
model target damage was based on the highly credible Jaint
Munitions Effectiveness Manual., The weapons release
parameters were based on parameters uced by operaticnal unite

(Ref 12, A USAF Tactical Fighter Weapons School
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2
N
ﬂ&; instructional text was used as reference for delivery tactics
S
ﬁa: (Ref 23). The threat capabilities resulted from analysis

performed on three previous Air Force Institute of Technology

B e

)

(?; research efforts.
k;: The judgement of aircrew members with experience in the
.ﬂ; air—-to-ground environment was used to assess the validity of
gi the assumptions used in this research. These assumptions
&ﬁ were considered valid and reasonable in view of the scope of
)HP this research effort.
Pl
gs Finally, in order to investigate whether or not the
;%J output data was representative of the system being modelled,
:?:3 a modified Turing test was used. In a Turing test, "experts"
iﬁ; knowledgeable about the system being modelled are asked to
:::: differentiate between actual system data and model output
%5‘ data. The more difficult it is for the experts to
'gi differentiate, the qreater the model’s validity. A modified
‘3: Turing test was used in this research as actual combat data
52 for the scenario modelled was not available.
ﬁxﬁ The experts consulted during this test were four highly
::E experienred crewmembers with extensive air-to-ground
‘i& experience in the F~4 and F~111 aircraft. All four had
;33 served as instructors and two had served as flight examiners
4:j in these aircraft, In addition, two of the four were USAF
;3 Tactical Fighter Weapons School graduates and one had been an
#E instructor at that school. Output from the model closely
:s approximated the expectations of these experts. They
?{g concluded, given the scenario, that the output’s target

"
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-7 damage and survivability were realistic for each of the three
N
f&- possible flight tactics and two weapons loads.
{
e
e Summary
e
xi The verification of this model began in the earliest
o stages of this research. Logic was verified prior to its
.':\' B
g} development into computer code; subroutines were verified
DN
e prior to incorporation into the general model; traces and
kY
M PRINT statements were used to verify system status as events
’.ﬂ
Y
':S occurred; model output results were compared to hand
4‘\1
Y calculated results; and model results were analyzed
4
A graphically. Extensive verification of the general model was
k- L
'
';g ~ performed in two phases., The first phase verified the
, accuracy with which aircraft were moved through the target
\
o area. In the second phase, threat logic including detection
)‘.J
]
2} and engagement of the aircraft and aircraft defensive logic
2
Yl were verified, The validation process incorporated a
. modified Turing test to evaluate model output data.
LA
:ﬁ Crewmembers with extensive experience in the low level
p
= air-to-ground environment validated the results of the model.
::P The verification and validation results were satisfactory.
A
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UV, Data Analysis

This chapter involwes a decscription of the design used

to obtain data from the model. The desiogn used both one

V.‘l b 'l*‘l'l"’—' l.' ;' I f A s .

tactic and 1é treatments and the selection of one combination
of treatments applied across six different tactics. The

measures of merit for each treatment are the probability'of

]
(R BT I

ARY

' survival for the mission, which involves two aircraft .
E attacking an airfield target, and the probability of damage .
,; that these two aircraft can achieve on the target. E
- .
<
A ‘
. Experimental Design .
5 Subjective screening was used to select factors which :
- should have a significant influence on mission survivability
‘ﬁ and mission target damage. Recognition of the strengths of -
.S the model and a discussion with other analv¥sts who were :
:: familiar wi;h the offensive Counter-air mission resulted in
{: the celection of four factors: aircraft jam capability, pilot X
li awareness, SAM site track and acquisition time, and ;
L probability of target detection at the release pcoint.
{ These four factors were analyzed using a full factorial
~§ design,'with each factor evaluated at twoc levels., This
;’ required a 2% design for the 146 treatments to be analyzed. ;
- Since the model was deterministic, only one replication per i
ﬁ treatment was performed. The 146 combinations of these ?
: treatments are illustrated in Table V along with results :
E obtained from the model. The analysie of thecse factors
-
; 111
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.
o Results of One Tactic Across 14 Combinations
2
o JAM YES NG
- AWARE YES NO YES NO
24 TRACK/
e ACRUISITION [1@,17| 5,8 |18,17] 5,8 |19,17] 5,2 |10,17| S.5
\h_ Prob. o+
" Detection |.9257|.9356|.8952{.8982|.00894 |,9354|SE-12{4E-12
LN
o Factor
: (1) .0432|.0832(.0632|.0632|.0632 [, 0432|0532 |.0637
% Prob. of
- Detection |.9257|.7354|.8982}.28982|.8894 |.9254|56~-12]4E~1¢
EA
o Factor
x (.5 0317 |.9217|.8317|.8317 |.9317 |.0317|.0317|.8217
(
2y
T TABLE VI .
.l Results of One Cell Across Six Tactics
Z:'-:
™ N
- TACTIC
‘l
e Bomb Type Level Level Level Pop Pap Pop
E; ' High Ps L9367 .9350 9237
oA Drag Pd .0240 .0432 897
- Low Ps . 9324 . 7427 . 9554
'§ Drag Fd .B354 LB7SS L1121
o
@
I
o
e
. 112
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o should provide sufficient insight to draw inferences about

the svetem behavior.

}f The two levels selected for aircraft jamming were jam-con

§;} and jam—-off. It was expected that the jam-on capability

353 would increase mission survivability and target damage since
) Jamming affects the Kill capability of the SAM. The greater

. the praobability of an aircratt surviving to the release

;, point; the greater the probability of target damage when

é%{ other factors are constant.

Siz Pilot awareness was investigated at two levels, aware

55 and not aware. 1t was expected that a pilot who waz aware of

2&: the SAM would maneuver the aircraft to avoid missile impact,

5;; thereby increasing survivability. It was alsoc expected that

iig' target damage might be adversely effected because of

ﬂgﬁ awareness., Prior to bomb release, a pilot who was aware of a

f&; missile whose Pk exceeded the maximum PK which he could

?${ tolerate, would jettison the bombs, take evasive action

45 against the missile, and thus never reach the target,.

Ef‘ The high levels of SAM site track and acquisition time

.§> were 18 seconds for SAM site 1| and 17 seconds for S5AM site 2.

’i? The low levels were S seconds and 8 seconds respectively for
e

'Ei site | and site 2. Survivabilitity and damage were expected
ﬁg to increase as the track and aquisition time went from low to

1@; high. The longer track and acquisition time would permit the

Eé aircraft to attack the target and exit the immediate area

%; prior to SAM launch.

’;ﬁ The probability of seeing the target was a factor which

113
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'ﬂ;. might further reduce the JMEM based probabiliiy of target
detection at the release point. This would account for
situations in which the pilot had less than average
capabilities. Inexperience, fatique, or distraction due to
threats could result in such situations. The high level was
set at 1.9, that is, the whole values of the JMEM based
probability of seeing the target. The low level of the
factor was arbitrarily set at 8.5, which would reduce the
probability of seeing the target by S0 percent. [t was
expected that this factor would effect tarqget damage only.
One combination of treatment was then selected and
applied across the six tactics in order to investigate trends
with respect to survivability and damage. The cell selected
was the one where jamming was on, the pilot was aware, the
track and acquisition times were 5 and 8 seconds recspectively
for the SAM sites, and the factor for probability of target
detection was 1.8, These levels were selected because they
were the most liKely tactical situations to exist in modern
warfare. The damage was expected to increase as the delivery
changed from level to angular and as the weapons changed from
high drag bombs to low drag bombs. Conversely, the
probability of survival was expected to decrease as the
delivery changed from level to angular due to the increased
delivery altitudes and time above the 108 foot minimum
engagement altitude. Likewise, the use of locw drag bombs was

expected to reduce the survivability below that obtained with

08 high drag bombs because of the increased delivery altitudes

.. 114
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;;; required for low drag munitions., The combinations and

E&E results are shown in Table VI.

(. v

_éi Data Analysis

f% The data was analyzed ucsing a confidence level of o«=.10
'ﬁ;: due to the small fixed number of cbservations (1&). Analysis
;:§ of variance was used to test the hypothesis that the

522 specified factor had no effect. The ANOVA was performed to
343 determine main effect trends across the 146 combinations and
’EE the differences of two-way interactions across these same
::: combinations. Included also in the analysis was the

?ﬁ determination of differences across the six tactics,

Lg; The trends of the two responces of survivability and
Eé damage across the 18 combinations are illustrated in Figure
sxi 17?. Beczuse of the specified scenario, the SAMs alwars

‘33 intercepted the aircraft after weapons release, Hence, the
o

"; only factor affecting probability of target damage was the
;:{ target detection factor. For this same reason, the factors
;35 of jamming, awareness, and track and acquisition times had no
!zi effect on the probability of arrival or the resulting target
:% damage. Depicted in Figure 17, therefore, are the four

;Q; treatment effects which produced a statistically significant
‘ui change in the response variable. The specific response

fsz variable values are in Appendix E.

;E; In the case of the effect of detection on the target
‘;g damage response wvariable (Fig., 17(d)), a decreass in damage
::2 recul ted from a decrease in the factor level. This trend was
:;:": 115

o

&

......................
......................................................




3
PR

~
L)
-
L]

v 'y

‘ Pl Ay
-

.

ot

_a
R ..‘ l_.
.~ .
XN
ey
SN
AN
h 'D-',.'~
S L

r

[ ¢

)

AR
4

/

.l.
L]
LA

e

1.0

PS

1.0

PS

1.0

PS

0 N
On 0ff Yes No

(a) Jamming (b) Awareness

— "

- 0 —

10,17 5,8 1.0 0.5

(¢) Track and Acquisition (d) Target Detection
Time (seconds) Factor

AN \....;.\. ~

Fig, 17. Main Effects
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':}: found to be significant with a probabiliity of detection
7
A value equal to 8.3, The null hypothesis of no treatment
{:
s;g effect was therefore rejected for an o level of .18,
n : _‘1
:§$ The three main effects on survivability depicted in
SN Figure 17 also indicated significant trends. Figure 17(a)
¥
:Q? shows that a jamming aircraft has a survival advantage over
b
L the nonjamming aircraft. This was as expected. The trend
» g was significant with a p-value of .9819. Pilot awareness

(Fig. 17¢(b)) also resulted in a significant increase in

survival as this awareness permitted evasive action by the

pilot. The probability did change significantly with changed

;;; awareness as indicated by a p-value of .85481. It was also
§§§ recognized that the null hypothesis would not have been

;é; rejected had the confidence level been set at .?5. Finally,
ﬁg the affect of track and acquisition time depicted in Figure
%ﬁ 17(c) indicates an increase in survivability as track and
e

..o
)

acquisition time is decreased from 18 and 17 seconds to § and

8 second. The trend was significant (p-value=.87) but not

‘&
A

expected.

4

N 3y

A thorough investigation of the model’s results

,3i' indicated that the track and acquisition times affected the
Ei; final intercept geometry wh.ch, in turn, affected the

ﬁ? probability of aircraft surv val. Given track and

;S acquisition times of 5 and 8 seconds for the sites, aircratt
%ﬁ number one performed two defensive maneuvers. The first

;s maneuver was performed during the aircraft turn off target.
%ﬁ The aircraft’s heading following this successfull maneuver
B
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resulted in an approximate ninety degree intercept angle with

missile number two. Once again, aircraft number ore
successfully maneuvered against the missile threat. The
geometry was different, however, for the track and
acquisition times of 18 and 17 seconds., MWith these longer
timee, the first maneuver of aircraft number one was
successful, but the post maneuver turn to exit the target
area resulted in a frontal intercept with the second missile.
During the defensive maneuver against the second missile, the
aircraft was unable to sufficiently move out of the plane of
the attack. This resulted in a tow probability of surviwval
for the aircraft. Hence, this result appears to be scenario
dependent.

The analysis also investigated interactions of the main
effects., Figure 18 illustrates the combined effects of the
three significant factors on the survivability response
variable . (Specific values are found in Appendix F.> The
scenario results indicated that the combination of target
detection with any of the other three factors did not produce
a significant interactive effect in probability of aircraft
survival. The other three factors did, however, interact
with each other to produce differences in survivability.

Figure 18C(a) shows that if the aircraft was not jamming
and the pilot was not aware of the missile threat his chances
of survival were minimal. The probability of survival
drastically increased if the aircraft was jamming even thouagh

the pilot was still not aware of the missile threat., Pilot
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awareness increased survivability for the non-jamming

l‘:;.'

P

aircraft. However, awareness increased survivability to a

a, s Lo 'y
.-

o
)

much lesser extent in the jamming situation.

*5 'y

P4

L}é These results do not indicate that awareness should be
Sﬁ% sacrificed for jamming but rather, given an effective jamming
v% system the requirement for total awareness can be reduced

2ﬁ¥ without a great change in mission survivability. The

\{q illustrated difference of combined jamming and awareness was
;ﬁf statistically significant (p=.8834).
f?ﬁ Figure 18(b) shows the interaction of jamming with track
féi and aquisition time. In the non-jam situation, the shorter
fg; track and acquisition time result in higher survivability.
SEE . This counter—intuitive result is attributed to the intercept
:£C geometry of the shorter track and acquisition times., The

,Iﬁj difference in survivabiliity is negligible for the two levels
;;& of track and acquisition time with a jamming aircraft. The
=5 interaction effect between jamming and the track and

;ﬁ acquisition times is statistically significant (p=.8743),

}3 Figure 18¢(c) demonstrates the differences in

u?i survivability caused by the combined effect of awareness and
ﬁz track and acquisition times. When the pilot was not aware of
Sﬁg the missile, the probability of survival was the same for

;i; both levels of track and acquisition times., However, when
ﬁzé the pilot was aware of the missile threat the shorter track
Eg? and acquisition times produced a greater probability of

‘3; survival, This difference was statistically significant

:;5 (p=.8781). As described earlier, this was due to the strong
2
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effect of intercept geometry on survivability and the

problems associated with taKing evasive action on two

guccessive micsiles,

The 146 combinations of treatments used conjunction with

the level/pop tactic and high drag bombs identified three

treatments which affected survivability and one treatment

N which affected damage. A similar ANOVA was performed on the

results of the one combination of the treatments over the six

previously identified tactics.

ij Figure 1% illustrates the trends across the six

different tactics as bombs change from low drag to high drag

and as the delivery mode goes from level to angular. The

results for the probability of damage were as expected.

Figure 19(a) illustrates that as bombs were changed from low

drag to high drag there was a drop in damage for the same

tactic.,. The main effect was statistically significant

(P=,09137), however, there was no interaction. Figqure 19t

shows the increase in damage across tactices when the weapon

N is Kept the same. This difference is accounted for by the

different circular error probable (CEP) associated with the

delivery mode. This was significant (P=,80813), again, there

was no interaction.

Figuﬁes 19{c)> and 19{(d> both show results that were not

expected. When compared to high drag bombs, low drag bombs

required a higher delivery release altitude for the same

tactic, This exposed the aircraft to the threats for longer

periodes of time. As a result, this higher exposure time was
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expected to decrease survivability. Similarly, the
pop—to—angular deliveries were expected to have lower
survivability than level deliveries due to the increased
exposure time associated with the angular deliveries. It was
expected, therefore, to produce a decrease in survivability,
as tactics changed from level to angular.

Figure 1?(c) shows a greater survivability for low drag
bombs than for high drag bombs when using the level/pop and
pop/pop tactics. The unexpected increase in survivability
for low drags was due to the dynamics of the system modeled.
The results demonstrate that the mode)l does not restrict
itself solely to the interaction between one aircraft and one
threat at any point in time. Rather, the results indicate
the complexities of multiple threats engaging an aircraft, an
aircraft which may or may not be actively maneuvering against
one of the threats.

The increased survivability was often related to
aircraft position and g-loading when engaged by ARA sites.

In the level/pop low-draq delivery, aircraft one had just
finished maneuvering against the first missile when site AAA
3 began firing and was, therefore, at a greater slant range
from the AdA site than for the high drag bomb case., In the
Jow drag case, an earlier climb to release altitude was
required., This permitted earltier acquisition and tracking by
the SAM site and, thus earlier SAM engagement. Aircraft two
also contributed to the higher survivabiliity in the low drag

case., The earlier pull-up point caused a 4g condition at the

........................................................
...................
.....................................
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$¥ time AAA site 4 began firing, resulting in a zero PK

-:\

o assessment. AAA site 3 also had a zero PK assessment on

“- ’-“

LY
Pl

aircraft two because of aircraft two’s 8G break against

missile 3 at AAA 3 fire time. The longer time over target

PN
S A

‘5 caused aircraft two’s arrival at the AAdA 2 fire point to

:i coincide with missile intercept instead of just doing a 4q

:2 turn off target as in the high drag cace.

’?j The increased survivability noted in the low drag

2‘ pop/pop delivery (Fig 19{(c)) was attributed to bcath aircraft

i: one and two. Aircraft two’s contribution was the same as in

’: the level/pop tactic previously described. Aircraft cne’s

}E earlier pull-up in the low drag case caused A~dA 4 to fire

ég during the climb to the rollin point. 1In the high drag case

‘{* ABA 4 fired on aircraft one just prior to the aircra+t

.; commencing the pull-up. In the low drag case, therefore, the
?; aircraft was at a higher altitude and longer slant range from
= the AdA site than the zircraft in the high drag case. Thece

5 differences in survivability as the bomb type was changed

E with respect to tactic were gtatistically significant

%? (P=.08137).

h Figure 19(d) shows that survivability increased as

:S tactics went from level to angutar using the low drag bomb.

B

The increase in survivability was due to aircraft position.
Both aircraft one and two passed closer to ARA 4 during

pop—-to—angular deliveries than for the level deliveries. The

. ”‘.- -.u'..aa"
.’n'&'.l _lal—l.: ¥ .h'a’) - ..‘ '.'...'

site fired on each aircraft after the start of the pull-up

for bomb delivery. This produced a lower survivability as

124
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the aircraft ground track approached the ARA cite. The

ii‘ survivability, therefore, increased becauce of a 4G climb and
05 not solely as a function of time above 108 feet altitude.

-

por. These occurrences combined to produce the unexpected trend in

survivability. The diftferencees in survivability were due to

interactions of the variables and not significant main

- effects.
- Summar ¥

!i This chapter has shown that the factore of aircraft
Jamming, pilot awareness and SAM sjte track and acgquisition
time affect the mission survivability. Statistically

;5 significant trends were shown for these main effects and for

e interactions between these main effects. In addition,

', because the scenarioc resulted in missile intercept of

N

iﬁ aircraft only aftter bomb release, the probability of target

- detection had the only significant effect on the target

%: probability of damage for the mission. This effect was

é} statistically significant., With regpect to the six tactics,

{: the probability of damage trends occurred as expected. There

ij were, however, unexpected results in survivability. These

2; were explained through investigation of the actual encounter
conditions. @Although the probability of survival changes

fé were small for the different mixes of bombs and tactics (.9F2

ﬁs to .?5) the results indicated an interaction between tactics

and bomb types.

AN It is recognized that the results investigated are
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extremely scenario dependent. Further investigation shcould
be made to determine the effects that a change in scenario
might have on the measure of merit., In addition, a full
factorial design, including all treatments identified in the

offensive counter mission, should be conducted to determine

A all main effects and interactions in the mission.
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‘}il VI. Summary, Conclusions and Recommendaticns

‘3 Summary

‘ii_ The primary objective of this thesis, as stated in

;i‘ Chapter I, was to develop a methodology which could be used
‘MNa to analyze the likely target damage and resulting survival of
;E{ friendly aircraft in the offensive counterair mission. It
:ii was decided that the methodology should interface with the
ifﬂ weapons effects calculations of the highly credible and

t%: widely used Joint Munitions Effects Manual (JMEM). In

N

-;i addition, two topics not addressed in JMEM calculations

:?ﬁ needed to be included in the methodology: the probability of
f{ aircraft arrival at the target and the probabiliy of aircraft
'$: survival,

{?: The scenario chosen for this research was a mission of
jg two aircraft attacking a specific area target at an enemy

Jﬁ airfield. The area of operations, the target area, was a

J% circle of ten nautical mile radius centered on the airfield s
-éi runway. Located within this area were specifically defined
S;i ARA and SAM threats.

j:i Four basic steps were chosen to accomplish the

;g objectives of the research. First, the offensive counterair
.f: mission had to be planned with consideration given to the

;sﬁ type of weapons and tactics used as well as the enemy

;:4 threats, Second, the probability of target damage from each
2 aircraft needed to be calculated. Third, the survivability

of each aircraft needed to be assessed. Finally, the
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gﬁl individual probabilities of target damage and aircraft
';f: survival needed to be combined into overall mission

;i, probabilities of target damage and aircraft surwvival.
Eé; It was decided that these requirements could best be
?3 satisfied by incorporating an analytical weapon’s effects
;¢i routine into a discrete—continuous simulation model. The
;1. analytical routine was based on a hand calculation

;E‘ me thodology available in JMEM., Simutation was primarily used
t-& to model the routing of aircraft through a target area of
AYS

isa around based threats and to study the resulting survival of
f:ﬁ those aircraft.

ii SLAM was chosen as the simultation language because of
éésé the capabilities of SLAM to model discrete-continucus

(ﬁ’ systems. While the continuocus capabilities of SLAM were used
 ;: extensively, the dependence on the SLAM discrete logic and
;gé file structures was minimized so as to reduce the

‘i: understanding o¥‘the SLAM lanquage needed to use the

Qéx me thodology.

o

;3 The verification and validation of this model began in
éb the earliest stages of its development. The modsz! was

;jé created in modules. High face validity was stressed during
;és the creation of each module, Each of these modules, or

A

~i§ suybroutines, was then verified individually prior to its
;;if incorporation into the main model. Once the development of

)

‘Eé the main model was complete, the accuracy with which each
'%; aircraft moved through the target area and the execution of
;% the threat logic were extensively verified. Finally, the
R
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Rl output from the fully developed main model was verified by a
wg panel of tactical aircrew members using a modified Turing
test,

Once the model was completely developed, verified, and
validated, analysis was conducted. However, the actual lavel
of analysis performed was extremely limited due to time
constraints., The analytical methods and limited results
described in Chapter V were credible, but general conclusions
or recommendations should not be drawn from these highly
scenario dependent resulte due to the 1imited sample size and
lack of extensive sensitivity analysis.

This thesis effort, therefore, resulted in the
development of a model which can be used to evaluate the
probability of tarcet damage and resulting aircraft attrition
on an offensive counterair mission. Given a user—~defined
scenario, the weapons effects are assessed by applying the
analytical JMEM methodologyr, and the three-dimensional threaé
environment is portrayed using a SLAM discrete-continucous
model .

The selection of the navigation points to the targQet for
each aircraft is available via a flight planning routine,
This routing can incorporate either a level or a
pop~to~angular delivery. Once a candidate run-~in heading is
identified, an automated threat search is performed to select
the axis of attack which minimizes exposure to threat
systems., The planning routine also allows a coordinated

attack of two aircraft. That is, the ocutput of this routine

ARG AR LS ST S Tk S i S oS
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;és reflects the deconfliction of aircraft required by weapons
;i‘ effects, the tactical considerations of roll-in direction,
Ef and the desired relative positions of each aircraft.

;& Enroute to the target, the model uses three-dimensicanal
ig navigation and three-dimensisonal threat encounter geometry.
. These calculations permit positioning of each aircraft and
%ﬁ the determination of aircraft vulnerabilities to various

&; threats. The pilot‘s awareness of threats is also

;: incorporated. Given a detected missile, the model allowes a
;j decision by the pilot whether or not to maneuver against the
E missile.

y e

.3: During the missile’s intercept, collision course

; steering is effectively modelled via predicted impact point
5 updates. The inabiliity of a misgsile to correct its planned
&é impact point in response to a well executed aircrast

:; defensive maneuver is also modelled. The assessment of

" probability of Kill by a SAM against either a maneuvering or

nonmaneuvering aircraft is possible via a 189 cell

probability of Kill logic. The assessment of probability of

NAANA,

Kill due to engagement by an ARA site is available in a short

R

analytical routine.
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Conclusion

This thesis resulted in the development of an effective

.‘ .' .' »
et ol

methodology which can be used to assess target damage and
friendly aircraft survivability in the offensive counterair

mission. The methodologr’s cutput of damage and
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survivability can then be graphically displayed for

decision~making trade-off studies.

Recommended Follow—-0n Study

The following are poscible follow—on areas of study:

1. Various attack directions should be investigated to
determine if survivability can be appreciably enhanced
without a significant change in target damage. Different
attack axes would change the effective target dimensions.

2, Various target locations should be investigated
using the same threat pltacement. This would determine an
area about the runway which could be attacked without a
significant effect on aircraft survivability given defined
threat locations.

3. Various threat locations should be investigated teo
determine an optimum placement which would enable aircraft
intercept prior to bomb release. This may present new ideas
in placement of our own airfield defensive systems.

4., Enhance threat capabilities to include multiple AAA
firings, handheld infrared missile locations based on a
probabilistic distribution, and changes in SAM velocity and
electronic counter—countermeasure capabilities, This would
further identify survivability sensitivities to thrext
capabilities.

5. Incorporate lethal missile volume calculations which
determine the probability of Kil) Based on engagement

conditions. This would include a calculation of the fuzing
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errors and warhead flyoff angles and velocities toc more
accurately identify the Kill capabilities of a SAM in the
dvnamic engagement situation.

4. Further enhance the aircraft evasive maneuwer by the
addition of a positioning maneuver prior to the break turn,
and, if altitude permits, an aircraft descent during the
break turn. @An airspeed decrease could also be added during
the break to model those aircraft which historically lose
airspeed during high g turns (F-4, F-111, etc.>.

7. Develop an experimental design incorporating all the
factors identified in Figures & and 7 in Chapter II. This
would include the addition of stochastic parameters on
applicable factors (track and acquisition time, pilot

awareness, etc.).
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This appendix contains definitions of non-SLAM variables.
SLAM variables are defined within the computer code listed in
Appendix B,

_A_
A = (PKSAM?) Missile constant

B Ad = (AREAS) Limit of integration
XSG AAZ = (MBRAN2)> Aspect of point B from point A

o ARS = (BREAK3) #Aspect of missile to aircraft
:5; AAY = (SCANSG) Aspect of threat site to center of
ﬁti target
O AAT7 = (ROUTE?) Aspect of runway from aircraft at climb
; point
:5~ AAY = (PKSAM?) Aspect of aircraft to planned impact
" paint
i AAREA = (AREAS) Result of numerical integration
ﬁﬁ AB = (JMEMS) Single weapon effective area {(square
NN feet)
A4 ACFTX8 = (IMPCT8> Aircraft current X coordinate
- ACFTY8 = (IMPCT8) Aircraft current Y coordinate
w3 ACFTZ8 = (IMPCT3) Aircraft current 2 coordinate
L ADIVS = (JMEM&) Absolute value of dive angle
e ADIV? = (ROUTE?) Absolute value of dive angle
Y AET = (JMEM&) Effective target area (square feet)
{ ALFAL = (XYCORI)> Angle between X axis and line from & to B
xj ALFAZ = (MBRAMNZ2) aAngle between X axis and line from A to B
2 ALFA7? = (ROUTE?) Angle at climb point between run—-in and
o rURWay
;& ALTIN? = (ROUTE?7)> Ingress altitude prior to climb (feet)
Y ANG = (ROUTE?> Angle used in calculating roll-in
- (dearees)
o AP = (JMEM&) Effective stick pattern area (square
N feet)
'O\ APXALT = (ROUTE?> Apex altitude during angular delivery
< (feet)

. AVLIE = (PKAALB> Average aircraft vulnerable area (sguare
P meters)
ﬁ?{ AWARE = (BREAK3) Awareness of pilot of missile: l=aware;
» @=rot aware

. Ax1 = (XYCOR1> Known X coordinate of point A
>y AX2 = (MBRAN2) Known X ccoordinate of point A&

a AY = (XYCOR1> Known Y coordinate of point A
- AY2 = (MBRAN2) Known Y coordinate of point A
-t AZ2 = (MBRAN2)> Known 2 coordinate of point A
15
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A'
m
]

{ROUTE?) Radius from runway center ta aircraft
(~ flight path (feet)

. B = (PKSAM®) Micsile constant
g Bé = (AREAS) Limit of integration
Y BAREA = (AREAD) Result of numerical integration
N BOOM? = (PKSAM?) Flag: l=detonation; 8=predetonation
DS BRAKPK = (BREAK3) Missile pk at which pilot will break
‘ BX1 = (XYCOR1)> X coordinate of point B
>, BX2 = (MBRAN2) X coordinate of point B
X BY1 = (XYCOR!)> Y coordinate of point B
o BY2 = (MBRAN2) Y coordinate of point B
;’E-:; Bz2 = (MBRAN2) 2Z coordinate of point B
d-i
b -c-
23
R c = (ROUTE?) Radius of target area (feet)
et c = (PKSAM®> Missile constant
' Cé = (AREAD) Input constant
e CEP = (JMEM&) Bomb circular error probable ground
P, plane (feet)
i CEPF = (PKSAM?> Missile circular error probable (feet)
e CEPM = (PKSAM?) Miscile circular error probable (meters)
s CLMANG = (ROUTE?7)> Climb angle as aircraft departs ingress
t altitude
o CNTLN = (SCAN4) Orientation of length of target area
- (degrees)
> -b-
b
0 D = (AREAS) Temporary variable
j D = (ROUTE?) Ground distance along flight path from
Y climb point to clogest point to runway
= center
3 D = (PKSAM?)> Missile constant
fﬂ D7 = (ROUTE?> Angle between ingress heading and run-in
4} heading
A DACFTX = (IMPCT8) Change in aircraft X coordinate during
Lo time-to-impact
' DACFTY = (IMPCT8) Change in aircraft Y coordinate during
= time-to-impact
" DACFTZ = (IMPCTB8) Change in aircraft 2 coordinate during
o time-to-impact
Y, DEGTT = (ROUTE?7) Degrees to turn during roll-in
'~ DEP = (JMEM&) Deflection error probable (feet)
6! DIVé = (JMEMS) Aircraft dive anqgle (degrees)
" D1V? = (ROUTE?> aAircraft dive angle (degrees)
o~
~
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5
v
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{
p)

bDMSLX
DMSLY
DMSL 2
DRAW1
DRAW?2Z
DX1
D2
D¥'t
Dy2

D22

EFD
EFR

EI
ERPDB
ERRDOR
EsuM

F

F

FAC
FCTRL
FCTRU
FCTX

FLAGS
FNLLD4
FNLWG4

T TR LT e e
FURSEIL T SR )
* .

= (IMPCT®)
= (IMPCTS)
= (IMPCT®)
= (EVENT)
= (EVENT)
= (XYCOR1)
= (MBRANZ)
= (XYCOR1)
= (MBRAN2)

= (MBRAN2)

-E~

(ROUTE?>

({PKSAM?)
¢ JMEMS)

nu

(JMEMS)

(JMEMé&)D
(PKSAM?)
(AREAS)
(AREASD)

i
m
|

(ROUTE?>

(PKSAM®)>
(PKSAM®)
(AREAS)
(AREAS)
(AREAD)

nunnn

(IMPCTS)
(SCAaN4)
(SCANS)D

nn

soidiatiatiatiala

\‘.:(;l‘...' .‘ .'- \‘- %-\.w::."- \o ,*'q 'usi"'!..

......

.........

Miscsile X coordinate change during
time—-to-impact

Missile Y coordinate change during
time—-to-impact

Missile 2 coordinate change during
time—-to—-impact

Random variable to acssecss pilot #1
missile awareness

Random variable to assess pilot #2
missile awareness

Change in X coordinates between points
A and B
Change in X coordinates between points
A and B
Change in Y coordinates between points
A and B
Change in Y coordinates between points
A and B
Change in 2 coordinates between points
A and B

Ground distance from entry point along
flight path to point closest to runway
center

Missile constant

Effective target coverage in width
(percent)

Effective target coverage in
(percent)

Effectiveness index

Effective radiated power (db)
Numerical integration tolerance
Sum of numerical integration

range

Ground distance from entry point to
climb point (feet)
Miseile constant
Probability that missile
Temporary variable
Temporary variable
Area of one interval
integration

Flag: 1=aircraft outrunning missile
Run-in heading for aircraft number one
Run=in heading for aircraft number two

}ands

in numerical

13%

in a cel)
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;! ~G-
. G1 = (-=-=) G load aircraft number one
t G2 = (===} G Toad aircraft number two
. GR = (—==) Ground range in feet
o GR1 = (XYCOR!)> Ground range point A to point 8 (feet)
> GR4 = (SCAN4)> Ground range target center to threat
- site (feet)
S0 GRé = (JMEMé&> Ground range of first bomb releacsed
(feet)
: GRDB = (PKSAM?)> Threat radar gain (dk>
y GRESSS = (JMEM&) Temporary variable
N GRIMP = (EVENT) Ground range of threat site to impact
N point (feet)
- GRIMP8 = >IMPCT8) Ground range of threat site to impact
{ point (feet)
N GRI = (JMEM4&) Ground range from first weapon release
in to target (feet) '
GZX? = (PK5aM?) X coordinate (impact point svztem) of
) cell center
™ G2Y? = (PKSAM®) Y coordinate (impact point system) of
A cell center
X G2z? = (PKEAM®)> 2 coordinate (impact point svstem) of
§ cell center
)
{ -H-
M HDG2 = (MBRAN2) Heading of entity of point A
.ﬁ HDGS = (IMPCT8> Required missile heading for intercept
b HDGIN? = (ROUTE?7)> Temporary variable
A HEADY = (—-==) Heading flag aircraft one: 1=change
required
- HEADZ = (-=-) Heading flag aircraft two: 1=change
- required
- HT = (EVENT) Height (feet)
- HYPOT = (ROUTE?> Range from roll-in point to track point
> (feet)
q:
5 1-
o
- IS = (AREAS) Counter for five intervals in numerical
‘ integration
ot Ia = (JMEMé&) Impact angle (degrees)
5 IMPTX8 = (IMPCT2) Predicted impact point’s X coordinate
~ IMPTY8 = (IMPCT8) Predicted impact point’s ¥ coordinate
) IMPTZ3 = (IMPCT8) Predicted impact point’s 2 coordinate 1
q IMSL = (EVENT) Misgsile number (1,2,3,o0r 42 1
~ IMSL3 = (BREAK3) Missile number b
> INTY = (JMEM&) Intervolometer setting (seconds)
v 140
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(W
ok
S0 ITHRT = (EVENT) Missile number
e
.-“.-:
(' -J-
SN
%
i}: JaM? = (PKSAM?) Jamming option: I=jamming; 8=nc jamming
s JS = (PKSAM?) Jamming to signal ratio of threat radar
L}: JsDB = (PKSAM?)> Jamming to signal ratio (db>
AT
f.'.-' —K—
" K = (EVENT) Counter to indicate which aircraft
\ engaged
T KNTR1 = (EVENT) Counter indicates navigation points for
A aircraft one
72% KNTR2Z = (EVENT) Counter indicates navigation points for
.i. aircraft two
A KS = (AREAD) Temporary variable
s 42
P
T
- -L-
Y LA = (JMEM&) Target length (feet)
{ LB = (JMEMS&? Single weapon effective length (feet)
b LEP = (JMEMS) Effective pattern length (feet)
:ﬁb LET = (JMEM&) Effective target element length (feet)
Lo LP = (JMEM&) Effective stick pattern length (feet)
L LS = (JMEMS) Stick length (feet)
SN LSK = (JMEM&) Stick length factor
X LR = (PKSAM?) Lethal radius (feet)
S
s -M-
. ]
- MAG = (PKSAM?) Slant range from aircraft to detonation
T point (feet)
=" MB1 = (XYCOR!)> Magnetic bearing of point B from point A
ﬁl: MB2 = (MBRAN2) Magnetic bearing of point B from point A&
A mMB? = (ROUTE?> Magnetic bearing of runway center from

o climb point

ke MSLX8 = (IMPCTB> Current X coordinate of missile
fﬁ: MSLY8 = (IMPCT8) Current Y coordinate of missile
ﬁj. MSLZ28 = (IMPCT2> Current 2 coordinate of missile
R

%

o

.‘_:.:

o 141

Pt 4

S AT TR A N S I AN It e SN i iy S A A A A L G




E CAESCIE A A i R A oS A St A Sl S SR A Spie Syt SRRSpie At ARSI LA I D0t

A ‘- R L R R T -~
e
12
T -N-
AN N = (EVENT> Missile number
,(:; Né = (JMEM&> Effective number of bombs in single bomb
AT effective area
A NALFA = (ROUTE?7) Flag used to indicate gecometry
N NCON& = (SCAN4) Number of threats in 120 degree cone
:iﬁ prior to target
o NCON12 = (SCANS) Number of threats in 120 degree cone
beyond target
5 NEIT = (JMEMS) Effectiveness index type
T NP = (JMEMé&) Number of bombs released per releasge
= pulse
NQUAD = (XYCOR1> Cartesian quadrant
NR = (JMEMé&) Mumber of release puylses
NSTAR = (JMEM&) Number of weapons in pattern
e NTHRT = {(SCAN4) NMumber of threat cites in target area
ASK
L
Y
O -p-
P& = (AREAD) Imput ratio
PCD = (JMEM&) Probability of damage within pattern
PCDé = (JMEM4&) Conditional probability of damage
PCHS = (IMPCT8)> Required pitch for missile to complete
intercept
PDMSN = (EVENT) Overall mission target damage {(due to
<o both aircraft)
~l PHD = (JMEM&) Probability of damage given a hit
SaNG PHI = (PKSAM?)> angle formed by aircraft position at
-:g . detonation time, the detonation peint,
s and aircraftt prebreak vector
PITCHI = (--=) Pitch flag for aircraft opne: 1=pitch
00 change required
N PITCHZ = (-==) Pitch flag for aircraft two: l=pitch
3 change required
fﬁ PK® = (PKSAM?> Prcobability of aircratt Kill by a 5AM
. PK1@ = (PKAA18) Probability of aircraft Kill by ARA
e POPRAD = (ROUTE?7) Radius of turn during roll-in (feet)
o PKSS18 = (PKAAL18) AAA single shot probability of Kill
'dﬁ. POPRI = (SCAN4) Direction of roll-in; 1=right; 2=left
Do POPRI4 = (SCAN4)  Same as POPRI
T PRDB = (PKSAM?®) Threat radar output (db)
g > PSEE = (JMEMS&) JMEM probability that pilot sees target
;”i PSMSN = (EVENT) Overall mission survivability (for both
o aircraft)
T PZXRF = {IMPCT8) Change in X coordinates between aircraft
::. and missile
N P2YRF = (IMPCT8) Change in Y coordinates between aircraft
i and missile
T PZ2ZRF = (IMPCTS) Change in 2 coordinates between aircraft
" and miscile
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R&
R®

RCS

RCSDB

RD

RDB
RDS
REP

RIDIR?

RL
RM

RNINLD
RNINWG

RU

RUNINMN

RUNIN?Z

S1
§2

SAMTP?

SARC

SB
SIGB

SIGBD
SIGBR

SRO1
SRe2
SrRa&3
SR1{
SR12
SR13
SR2

SRé&
SR?
SR10

SRT

A

]

{PKSAM®?>

(PKSAM®?)
(PKSAM®)

(PKSAM?)
(PKAA10)

(ROUTE?)

oontouu o

(PKSAaM?)

(ROUTE?)

w

(IMPCTS>
C(IMPCTS8)
(PKSAM?)
(ROUTE?)

(IMPCTS)
(IMPCT®)
(IMPCTS>
(IMPCT®)
(IMPCTS)
(IMPCT2)
(MBRANZ>

(PKSAM®)

(PKAALO)

VAW Ty RIS A SRR
A ) |’\.‘. K) .q\.l\.‘

Weapon reliabilities

Slant range from missile site ta
predicted impact point

Aircraft radar cross section (square
meters)

Aircraft radar cross section ¢(db)
Delivery reliability

Decibel conversion factor

Number of bullets fired per afd burst
Range error probable

Roll-in direction

Lower 1imit of integration

Slant range from missile site to impact
point (meters)

Run-in heading for aircraft number one
Run-in heading for aircraft number two
Upper limit of integration

Threat minimizing target attack axis
(degrees)

Run-in heading

Magni tude of vector SRA (feet)

Magni tude of vector SRl (feet)

Trpe of SAM

Distance flown along arc during roll-in
(feet)

Weapon spacing on ground {(feet)

Bomb ballistic error (milliradians)
Bomb ballistic deflection error (feet)
Bomb ballistic range error (feet)

X component of SRO

¥ component of SR@

2 component of SR8

X component of SRi

¥ component of SRI

2 component of 5Ri

Slant range from point A to point B
(feet)

Slant range from first bomb release
point to impact point

Slant range from aircraft to planned
impact point (feet)

Slant range from A&A site to aircratt
(feet)

Slant range from first release point to
target (feet)d
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Sl SRX? = (PKSAM?) Change in X (impact point systemd
A between cell center and aircraft position
. SRY® = (PKSAM?)> Change in Y (impact point system’
(; between cel) center and aircraft position
Y SRZ? = (PK@AaM?)> Change in 2 (impact point system)
QEJ between cell center and aircraft position
- SSPD = (JMEM&) Single sortie expected fractional
N coverage (percent)
e STURN = (MBRANZ)> Direction of shortest turn: i1=right;
3 2=left
R
LA
<o
LA
- _T_
T4 = (AREAS> Input ratio
TANG = (ROUTE?) Temporary variable
Y TAREAS = (AREAS) Total area under curve
>~ TAWAREE= (AREAS) Temporary variable
TEMPI = (-=-=) Temporary variable
TEMPZ = (-—=) Temporary variable
2L TEMPE8 = (IMPCTQ) Temporary variable
SAIN TEMP?B = (-==) Temporary variable
':::.’: TGTG18 = (PKAALIBY Current G load of aircraft engaged by AfA
Yo TGTX = (SCAN4) Target center X coordinate
o TGTY = (SCAN4) Target center Y coordinate
ol TGTZ = (SCAN4> Target center 2 coordinate
{1 THOG = (ROUTE?7)> Temporary variable
o TOF = (PKAAlB) Bullet time of flight (zeconds)
1 TOFMX8 = (IMPCT8) Maximum missile time of flight remaining
N (seconds>
i@g TOTGR = (ROUTE?> Total ground range to target
! TPCALC = (PK5AM?) Distance of cell center from impact
#k point (feet)
A TRKTM = (ROUTE?> Track time (seconds)
'\;'_::j TTI8 = (IMPCT3) Time-to-impact (seconds)
2
%
L Y=
f&i Vs = (JMEM&) Aircraft velocity (knots)
X V7 = (ROUTE?)> Aircraft velocity (Knots)
oy ve = (IMPCT8> Missile velocity (Knots)
£ = VELX8 = (IMPCT8) Aircraft current X component of velocity
e (ft/sec)
,fq VELYE8 = (IMPCT8) Aircraft current Y component of wvelocity
oY (ft/sec)
:‘i} VELZ8 = (IMPCTS) Aircraft current 2 component of velocity
% (ft/sec)
.;5 Vi = (PKAA1B) Initial bullet speed (M/5)
™ VF = (PKAA1B) Final bullet speed (M/S)
=
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N
L »

X

l; WA = (JMEM&) Target width (feet)

,V\j WB = (JMEM&) Single bomb effective width {(feet)
03¢} WEP = (JMEM&> Effective pattern width (feet)

“{ WET = (JMEM&) Effective tarqget element width {feet)
$q WP = (JMEMS) Effective stick pattern width (feet)

X WS = (JMEM&> Stick width (feet)

X3

i -X~

#f.:

XP0OS? = (PKSAM?) X coordinate of aircraft in terms of

f(; coordinate system centered on impact

‘Lol point. The XY plane in this system is
- the engagement plane
4
*\

s'\‘

s 4 “_

Y o

o

2% YBAR = (JMEM&)  Average release altitude of bombs in

s string (feet)

¥, YF = (JMEM&) Release altitude of first bomb in

{ string {(feet)

o YL = (JMEM&) Release altitude of last bomb in

P string (feet)

& YPO3? = (PKSAM?) Y coordinate of aircraft in terms of

*xé impact paint coordinate system (see

A XPOS?>

T
e

~$‘\. -2-

%

o 27 = (ROUTE?) Ground range from runway te climb point
- ZPOS® = (PKSAM®> 2Z coordinate of aircraft in terms of
25 impact point coordinate system (ses
N XPQS?) :

o2

.\”ln.

\-1

o

N
N

2
A
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,3: -
\ Al
vy gen,counterair,sanple,02/11/84,1,5+59¢72; sample of slam cards
N initialize,0,0,250,0;
intlc,xx(36)=10,0,%%(37)=17,03 threat tr/aq times
intle,xx(81)=1,0,x:(42)=1.0; a/c 1 and 2 awareness flags
intle,xx(70)=1.0; psee factor
intlc,%x(79)=2.0} time to impact freeze
intlc,»x(80)=0,0,x%(81)=0.03 a/c 1 and 2 break pk acft(i,54)
intlc,xx(82)=2,0} acl weapon type acft(1,1)
intlc,xx(83)=0.0; acl dive acft(1,2)
) intlc,xx(84)=200.0} acl release alt acft(1,4)
N intlc,xx(85)=0,135; acl intervolometer  acft(1,6)
=2 intlc,xx(86)=250,0; acl cep acft(1,7)
% intlc,xx(B87)=2,0} ac2 weapon type acft(2,1)
e intlc,x%(88)=-10,0} ac2 dive angle acft(2,2)
a intlcxx(89)=600.0; ac2 release alt acft(2,4)
i . intle,xx(920)=0,135; ac2 intervolometer acft(2,64)
{“:3 intlc,xx(91)=125,0} ac? cep acft(2,7)
oo intlc,xx(100)=1,0} Jam option(0=no,1=yes)
e linits,0,0,100;
_t :1 cont;0,25,;0.05;0.5,w;0,0.000005}
\ 2 sevnt,3,55(22),%n,200.0,200,0; compute head/pitch to next nav pt acil
Y sevnt,4,55(23),%n,200.0,200,0} compute head/pitch to next nav pt ac2
2S5 sevnt,S,55(4) ,yxx(18),0,03 set heading flag acl to zero
S sevnt,6,55(9),,x:(28),0,0} set heading flag ac2 to zero
:f : sevnt,7,55(5) % x%(19),0,03 set pitch flag acl to zero
! sevnt,8,55(10) ,%,%%(29),0,0; set pitch flag ac2 to zero
! sevnt,Pys8(21),xp,55(24),0.07 getout after acl 045 turn off tgt
sevnt,10,55(21)4%p,55(25),0,0} getout after ac2 045 turn off tgt
< sevnty17,55(21),%pyxx(38)40.07 schdl launch availibility for site 1
u;; sevnt,18,55(21) ,xp,»x(39),0,0 schdl launch availability for site 2
A sevnt,31,58(17),%n,9807.0,0.07 schdl eaa fire site 3 for aclin range

sevnt,32,55(18),%n,9807,0,0,
sevnt;33,ss(19),xn,9807.0,0.
sevnt,34,ss(20),Hn,9807.0,0.
sevnty,19,55(21),%p,xx(40),0,
sevnt,20,85(21),xp,xx(41),0,
sevnt,21,s8(17),%p,9807.0,0,03 stops aaa 3 tracking acil
sevnt,21,58(18),xp,9807.0,0.0; stops aaa 3 tracKking ac? (out of range)
sevnt,22,55(19)4y%p,9807.0,0,0; stops aaa 4 tracking acl (out of range)
sevnt,22,55(20) ,xp,9807.0,0.0} stops aan 4 tracKking ac2 (out of range)

’
’
’
'
3 schdl naa fire site 3 for ac2in range

3 schdl aaa fire site 4 for aclin range

$ schdl naa fire site 4 for ac?in range

3 call pkaaa site 3

+ call pkaaa site 4

’ (out of range)

At

VLI
X oty

L T

sevnt,23,55(21) yxpy:(55),0.0}
sevnt,24,55¢(21),1p,xx(56),0.0;
sevnt 25,85€(21) yxpyxx(57),0,0}
sevnt,26,55(21),xp,yxx(58),0.0}
fin}

L)

P .("'v ," sﬂ ." > .
A o Lo i

impact location update missle 1
impact location update missle 2
impact location update missle 3
impact location update missle 4
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program main

the following is a listing of slam variables and major
arrays used in this program

slam global variables!

ss(1) =acl present » position
ss5(2) =acl present y position
ss(3) =acl present z position
ss(4) =acl present heading
ss(3) =acl present pitch
ss(é) =ac2 present x position
ss(7) =ac2 present y position
s5(8) =ac2 present z position

55(9) =ac2 present heading

ss{10)=ac2 present pitch

s5(11)=acl ground range t0 runway center
5s5(12)=ac2 ground range to runway center
55{(13)=acl ground range to sam site
55(14)=ac2 ground range to sam site
55(15)=acl ground range to sam site
ss(16)=ac2 ground range to sam site
ss(17)=acl ground range to ana site
55(18)=ac2 ground range to aaa site
s5(19)=acl ground range to aaa site
ss(20)=ac2 ground range to aaa site
ss{21)=tnow(present time)
ss(22)=acl ground range to next nav point
s5(23)=ac2 ground range to next nav point

B b LI TO  ee

« 9$5(24)=time acl will complete post bomb release maneuver

ss(25)=time ac2 will complete post bomb release maneuver

slam global variables!
x%{1)=acl speed(ft/sec)
x®x(2)=ac2 speed(ft/sec)

#x(3)=sam site 1 x» position
#x{4)=sam site 1 y position
#x(9)=sam site 1 z position
wx(é6)=sam site 2 % position
®%x{7)=sam site 2 y position
#x(B)=gam site 2 = position
x%(9)=aaa site 3 x position
#%(10)=aan site 3 y position
%x%X(11)=aaa site 3 z position
#(12)=qan site 4 % position
x¥%(13)=aaa site 4 y position
#®(14)=aan site 4 z position
#®(15)=acl next nav pt » position
#x(18)=acl next nav pt y position

%x#(17)=acl next nav pt z position
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#¢(18)=acl next
#%(19)=acl next

desired heading
desired pitch

#x{20)=angle theta in x,y plane with acl heading
®#(21)=angle theta in X,y plane with ac2 heading
®x(22)=angle phi in xyz plane with acl pitch
#x(23)=angle phi in ¢,z plane with ac2 pitch

®¥%{(24)=

#%(23)=ac2 next
wx(26)=ac2 next
#x(27)=ac2 next
N3({28)=ac2 next
*%(29)=ac2 next
x%(30)=time for
#x(31)=time for

navy pt x position

nav pt vy pasition

nav pt z position

desired heading

desired pitch

acl to depart entry point
ac? to depart entry point

#x(32)=max range(ft) site 1

xx{33)=max range(ft) site 2

xxX(34)=max range(ft) site 3

*x(35)=max raenge{ft) site 4

x%(36)=track and aquisition time site i (th(1,11))
%%(37)=track and aquisition time site 2 (th(2,11))
®x%(38)=ready fire time site 1

®%(39)=ready fire time site 2

®%(40)=ready fire time site 3

#®(41)=ready fire time site 4

%x(42)=missile
#»%x(43)=missile
xx(44)=3missile
®%(45)=missile

xx(47)=nmissile
wx(48)=missile
%x{(49)=missile
#x%(30)=

¥x(S1)=nissile

2
3
4
wx(48)=missile 1
2
3
4

launch time .

launch time

launch time

launch time

destruct time

destruct time

destruct time

destruct time .

impact time

1
®x(32)=missile 2 impact time
3

»X(953)=missile
#x(34)=missile

4

impact time
impact tiue

®X(S5)=next impact calculation time missile 1
xx(36)=next impact calculation time missile 2
#%(57)=next impact calculation time missile 3
#x(98)=next impact calculation time missile 4

xxX(59)=acl next
#%(40)=ac2 next

%®%(61)=acl aware flag(l=aware,2=not aware)
#%x(62)=qc2 aware flag(i=quware,2=not aware)

xx{b3)=
x%(b4)=qcl turn

xx{43)=acl pitch flag

% (bb6)=ac2 turn

xx{67)=ac2 pitch flag

ux(48)=

possible aware time for nearest missile
possible aware time for nearest nissile

flag

flag

14%
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N c #x(69)=
AN c %%(70)=
A c xx(71)=missile 1 update time
(. C #x(72)=missile 2 update time
e c xx(73)=migsile 3 update time
e < #%(74)=missile 4 update time
e c %x(75)=missile 1 time step
e c xx(76)=nissile 2 time step
-3 c xx(77)=nissile 3 time step
c ®%(78)=missile 4 time step
. c #%(79)=time to impact freeze time
I c x%(80)=acl break pk (acft(1,54))
N c %%#(81)=ac2 break pk (acft(2,54))
~ c #x(82)=acl weapon type(i=high drag,2=low drag)
N c #x(83)=acl dive angle(0,-10 or 0,-15)
\ c ®%(84)=acl release 41t(200,600 or 500,1750)
=2 c x%(85)=acl intervolometer setting(.135,.135 aor .065,.156)
o c x%(84)=acl cep(250,125 or 250,129)
o C %%(87)=ac2 weapon type
4 c %x(88)=ac2 dive angle
ﬁ& c *%x(89)=ac2 release alt
A c *xx{90)=ac2 intervolometer setting
- c X%(?1)=ac2 cep
< 4 ®%(92)=qcl termination at 61000 ft
-k c xx(93)=ac2 termination at 61000 ft
jé c xx(94)=flagtacl at 8000 ft to next nav point
L c #x(95)=flagtac2 at 8000 ft to next nav point
i c #(968)=flagtacl above 100 ft
N c %®x(97)=flagtac2 above 100 ft
A c #%(98)=flagiacl less than or equal 30 ft
.Jg c X% (99)=flagilac2 less than or equal 50 ft
= C #%x(100)=jam option{i=on,0=0ff)
N, 4
c array acft{i,j) meanings!
-: c i=tail numbers! 1=lead,2=wingman
é& c J meanings!
oy c 1=weapon type! 1=ld, 2=hd
" c 2=dive angle (degrees)
Iy c 3=release airspeed (Knots)
= c 4=release altitude last weapon (feet)
it' c S=bombs released per release pulse (integer)
:Q: c é=intervolometer setting between pulses (seconds)
N C 7=circular error probable ground plane (feet)
1 c 8=weapon reliability
: c 9=total number of weapons on aircraft
o c 10=width between aircraft weapon stations
N c 11=a/c break flag(i=a/c break)
o c 12=release altitude first weapon (feet)
. c 13=ground range for weapon aone-release point to impact (feet)
e c 14=ground range to target from release point for weapon one
.ﬂ c 15=runin heading (on final) (degrees)
o
:#
-~
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146=rollin direction (if pop)

17=ingress direction (heading in degrees)

18=ingress altitude(feet)

19

20

21=release point last weapon » coordinates

22=release point last weapon y coordinates

23=release point last weapon z coordinates

24=heading into last release point

23=pitch into last release point

26=release point 1st weapon x coordinate

27=release point 1st weapon y coordinate

28=release point 1st weapon z coordinate

29=heading into first release point

30=pitch into first release point

31=track point x coordinate

32=track point y coordinate

33=track point z coordinate

34=heading inta track point

33=pitch into track point

346=rollin point (pop) or level off point (level) x coordinate
37=rollin point {(pop) or level off point (level) y coordinate
38=rollin point (pop) or level off point (level) z coordinate
39=heading into rollin/level off point

40=pitch into rollin/level off point

41=pullup point (pop) or climb point (level) x coordinate
42=pullup point (pop) or climb point (level) y coordinate
43=pullup point (pop) or climb point (level) z coordinate
44=heading into pullup/rlimb point

45=pitch into pullup/climb point

45=entry point % coordinate

47=entry point y coordinate

48=entry point z coordinate

49=heading into entry point

30=pitch into entry point

Sl=egress turn off target (l=right,2=left)

92=total distance to target (feet)

53=estimated time enroute (ete) entry point to target (secs)
54=pK required for break

55=pK missile 1

S56=pk missile 2

97=pK missile 3

98=pk missile 4

S9=pK aaa3d

60=pK aaa4

61=probability of arrival for bomb release

62=probability of acft survival through exit
63=probability of seeing target at release point
44=probability of .jmem damage

65=probability of target damage per aircraeft

b4=
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T c 67=
JaEN c 468=
IO c 69=
( ) c 70=
3;@ c array tgt(i) meanings?
:e} c 1=target center % coordinate
~a~ c 2=target center y coordinate
A c 3=target center z coordinate
3 C 4=centerline (degrees)
K c S=target length (feet)
N c =target width (feet)
ALY
N c array th(i,j) meanings?
e c i=threat site nuaber
\ c 1=gam site 1
S~ c 2=sam site 2
i c 3=naq site 3
o c 4=aaa site 4
o c J meanings
- c 1 =threat site x coordinate
S c 2 sthreat site y coordinate
A c 3 =threat site z coordinate
PN c 4 =minimum engagement range(feet)
j?ﬁx c 5 =maximum engagement range(feet)
}}ﬂ c 6 =anmo supply(2=2missiles,1=1lmissile,0=0Omissiles)
Ty c 7 =engagement status(2=firing,l=tracking,0=not engnged)
L c 8 =confound delay completion time
1:\:.' c 9=
Qﬁﬁ c 10 =tail number of a/c site is tracking(i=lead,2=wingman)
'ﬁgﬁ c 11 =site track and aquisition time
X8 c 12 =site missile velocity(Knots)
f c 13 =missile max time of flight at launch
$f, c array msl(i,.j) meanings:
s c i meanings
TNy c 1=pissile 1 site 1
e c 2=missile 2 site 1
2 c 3=missile 1 site 2
o c 4=missile 2 site 2
s c J meanings
‘}ﬂ c i1=launch site
\& c 2=target aircraft
~ c 3=current impact time
- c 4=gelf destruct based on max tof aveilable
= c S=pkill of tgt function of impact pt and launch site
Xy c 4=current(last calculated) missile x position
- c =current(last calculated) missile y position
< c 8=current(last calculated) missile z position
A c 9=current(last calculated) missile heading
iii c 10=current(last calculated) missile pitch
<3
.:-::.
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o
‘;:{: c 11=impact point » coordinate
o c 12=impact point y coordinate
g c 13=impact point z coordinate
(i c 14=missile velocity(knots)
o c 15=missile fire tinme
}:32 c 16=slant range (missile position to impact point)
s c 17=time to impact
E‘rl ¢ 18=
N c 19=
3 c 20=
Y dimension nset(1000)
500 coamon/scomi/atrib(100),dd(100),
(S *  dd1(100),dtnow,ii,mfa,
. X mstopsnclnr,ncrdrynprnt,
f'\¥ X nnrunynnset,ntape,ss(100),
\':( ¥ s51(100),tnext,tnow,xx(100)
N common/foleyl/acft(2,70),tgt(15),th(4,20),ms1(4,20)
e common/foley2/axl,ayl,mbl,grl,bxi,byl,ax2,ay2,a22,bx2,
0 3 by2,bz2,hdg2,mb2,gr2,0a2,512
: common/foley3/fnlld4,fnlwgd,poprid,sarc
jrj common/gressi/headl,head2,pitchlypitch2,kntri,Kntr2,
2O 2
}".f: X 91 ’g‘-
ilf common/gress2/ acftuByacftyB,acftz8,velx8,vely8,velz8,
Wy X v8,tofmx8,qrimp8,mslx8,msly8,ms1z8,pch8,hdqg8,
{ % sr8,flagB,samtp?,sr9,0a?,pk?ysri0,avi0,tqgtgi0,pkl0,
RO X  imptx8,impty8,imptz8,tti8,.jan?,imsi3,r?,boon?
A
RS common qset(1000)
RO equivalence (nset(1),qset(}))
oo nnset=1000
. nerdr=S
e nprat=6
- _ntape=7
WS call slam
o stop
‘f*; end
i
e
AR subroutine state
" cosmon/scoml/atrib(100),dd(100),
L. X ddl(100),dtnow,ii,mfa,
- X mstopynclnrencrdrynprnt,
YA ¥  nnrun,nnset,ntape,ss(100),
R ¥ ss51(100),tnext,tnow,xx(100)
}:}j common/foleyl/acft(2,70),tgt(15),th(4,20),ms1(4,20)
o common/foley2/ax1l,ayl,mbl,grl,bxi,byl,ax2,ay2,a22,bx:2,
ii; X by2,bz2,hdg2,mb2,gr2,022,5r2
t\:
o
N
@
P ; 152
.'.




common/foley3/fnlld4,fnluwgd,poprisd,sarc
common/gressi/headl,head2,pitchi,pitch2,kntri,kntr2,
gl,g2

common/gress2/ acftx8yacfty8,acftz8,velx8,vely8,velz8,
v8ytofmx8ygrimp8,msl:Bymsly8,mslz8,pch8,hdgly
sr8,flag8,samtp?,s5r?,aa9,pk?,5r10,avi0,tgtgiQ,pkl0,
imptx8B,impty8,imptz=8,tti8, jam?,imsl3,r9,boon?

acl heading and pitch rates
#x(64)=acl turn flag, xx(85)=acl pitch flag

if (headi oqto 0.5) then

8s(4)=5s51(4) + dtnowkxx(64)%q1%32,2%37,3/:::(1)
if (ss(4) .qt, 360.0) ss(d)=38(4) - 340.,0
if (ss(4) .1t., 0.0) 55(4)=3460.0 + s55(4)
else

ss(4)=551(4) + dtnowx0.0
endif

if (pitchl .gt. 0.3) then
85(5)=551(J) + dinowk:::(465)%8.3
else
85(5)=551(5) + dtnowk0.0
endif

angle in X,y plane for acl

%% (20)=360,0-55(4)+90.,0
if (ux(20) .gt. 360,0) x:(20)=xx(20)-360.0

angle in z plane acl

®x(22)=90,0-85(5)

a/c 1 (xyz) position rates

xrate=velocityxsin(phi/57,3)%cos(theta/57.3)
yratesvelocityksin{phi/37.3)Xsin(theta/57.3)
zrate=velocityXcos(phi/57.3)

s3(1)=881(1) + dtnowdxx(1)3sin(xx(22)/57.3)Xcos(xx(20)/57.3)
§5(2)=2581(2) + dtnowXxx(1)Xsin(xx(22)/57,3)ksin(xx(20)/57.3)
s5(3)=5s81(3) + dtnowkux(1)X¥cos(xx(22)/57.3)

ac2 heading and pitch rates
xx(86)=ac2 turn flag xx(87)=ac2 pitch flag




N
\v\
L if (head2 .gt. 0.5) then
y 88(9)=551(9) + dtnowk::(64)%g2%32.2%57,3/xx(2)
A if (ss(?) .gt. 3460.0) s5(9)=55(9) - 340.0
( if (ss(9) .1t. 0.,0) 55(9)=360.0 t+ ss(?)
. else
e s8(9)=551(9) + dtnowk0,0
[~ endif
:‘.
e if (pitch2 .gt. 0.5) then
558{10)=581(10) + dtnowkux(67)%8.3
o else
- 55(10)=551(10) + dtnowk0.0
> endif
¥ c angle in %,y plane ac2
ony x:(21)=360,0-55(9)+90,0
" if (xu(21) .gt. 360.) xx(21)=xx(21)-360.0
,:i c angle in z plane ac?
#%(23)=90,0-s5(10)
A
‘i: c ac2 position,heading,and pitch rates
) 55(48)=881(6) + dinowX:x{(2)Xsin(xx(23)/57.3)%kcos(:x{21)/57.3)
o) 55(7)=s81(7) + ditnowXkux(2)%sin(:x(23)/37,3)%sin(xx(21)/57,3)
by 58(8)=551(8) + dtnowkxx(2)Xcos{xx(23)/57.3)
\
: c this computes gr for both ac from present pos to new point
3 c state=(ac x-pos)-(site x-pos)XX2 +(ac y-pos)-{site y-pos)kx2
! c gnd range(gr) to rwy ctr acl and ac2 respectively
) ss(11)=gqrt{ss(1)¥ss(l) + s5(2)%s55(2))
{p s5(12)=5qrt(ss(48)%kss(b) + s5(7)¥ss5(7))
~
;j C gr to threat site 1
- 58(13)=sqrt((s5(1)-x:(3)IKK2 + (s55{2)-xx(4))X%2)
\; 55(14)=5qrt ({(ss(8)-xx(3))XK2 + (s5(7)~-xx(4))%%2)
~I
"’: [ gr to threat site 2
v
34 55(15)=sqrt ({s5(1)-%x(8))XX2 4 (s5(2)-:x(7))%%k2)
58(146)=3qrt((s5(8)-xxu(4))XX2 + (ss8(7)-ux(7))%X%2)
..,
ﬂj: c gr to threat si.e 3
:5: 55€17)=sqrt((ss(1)-xx(9)1Ik%x2 + (s8(2)—0:(10))%X2)
ﬁ 85(18)=5qrt ((85(48)-xx(F)IXX2 + (55(7)-xx(10))%%*2)
;%
;': 155

A I .'.‘- e .--'.\.. NS p .. -~ \.\\. e ‘~_- E (ﬁ'\-.'.’\,\q '\..“, \.\' =



7 v
s 4 e
“_a g

[ A

g%

P4
S

Y

gr to threat site 4

AN
(2]

Yh

85(19)=sqrt{{ss(1) - (12))%%2 + (55(D)-ux{13))%X2)

R g

; 55(20)=sqrt((s5(8) - (12))I¥X2 + (55(7)-xx(13))XK%2)
2 c ss(21)=tnow
B <

o s5(21)=ss1(21) + dtnow X 1

c gr to next nav point
xx(15)=acl next x-coord, xx(16)=acl next y-coord
®(25)=ac2 next x~coord,y x1{26)=ac2 next y-coord

l‘l
Ay &
2]

'-'4
n

o
~ 55(22)=sqrt ((ss(1)-ux(18))XX2 + (s5(2)-xx(14))%X%2)
. 55(23)=8qrt{(ss(b8)~xx(29))4X2 + (55(7)—:(26))%%2)
<o c schedule a/c termination at 41000ft
o if (ss(11) .ge. »:x(92)) then
oy call schdl(13,0.000001,atrib)
- #%(92)=200000,0
endif

.AV‘
2 a_ &3

s

if (ss(12) .ge. xx(93)) then
call schdl1(14,0.000008,atrib)

SN
e

D #x{93)=200000,0
" endif
{
- c schedule nav correction at B8000ft from first nav pt
o if (58(22) .le, xx(94)) then
x5 call schdl(3,0.,000001,atrib)
Lo %x%(94)=-1000,0
= endif
o if (ss(23) .le, xx(95)) then
P call schd1(4,0,000001,atrib)
< x%(95)=-1000,0
:f endif
! c schedule threat search when a/c climbs above 100ft
5% if (s5(3) .ge, x%(94)) then
w3 call schd1(15,0,000001,atrib)
o #%(96)=100000,0
N endif
N
. if (ss(8) .ge. xx(97)) then
oy call schd1(16,0,000001,atrib)
O #¥%(97)=100000.,0
¥ endif
S
ii c schedule a/c stop descent at 50ft off tgt
e
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-:;'ﬁ;‘. if (s8(3) .le, xx(98)) then
DAY call schdl1(11,0,000001,atrib)
%x(98)=-10000.0
(- endif
if (s5(8) ,le. »x(99)) then
call schdl1¢(12,0.000001,atrib)
x%(99)=-10000.0
endif
c determine missle pK at imact time
if (s5(21) .ge. xx(51)) then
call schdl{(27,0,000001,atrib)
#x(51)=1000,0
endif
if (ss(21) .ge. xx(52)) then
call schd1(28,0.000001,atrib)
%%(52)=1000,0
endif
if (s5(21) .ge. »xx(53)) then
call schdl1{(29,0.,000001,atrib)
#%(53)=1000,0
endif
if (ss(21) .ge. xx¢(54)) then
call schd1(30,0,000001,atrib)
o »#%(54)=1000,0
e endif
A -
20N return .
e end
‘ \
A
fzf subroutine event (i)
% common/scoml/atrib(100),dd(100),
A X dd1(100),dtnowsiirmfa,
- X mstopsnclnryncrdrynprnt,
— X  nnrun,nnset,ntape,ss(100),
th 2 s$51(100),tnext,tnow,xx(100)
::” coamon/foleyl/acft(2,70),tgt(15),th(4,20),ms1(4,20)

common/foley2/ax1,ayl,mbi,gri,bxl,bylyax2,ay2,nz2,bx2,
X by2,bz2,hdg2,mb2,91r2,002,s512
common/foley3/fnlld4,fnlwgd,poprid,sarc
common/qgressl/headl,head2,pitchl,pitch2,kntri,kntr2,
X 1,92
conmonggrESSQ/ acftxByacftyBryacft=8,vel8,vely8,vel=8,
v8ytofmxB8,grimp8,msix8,msly8,ns1z8,pch8,hdq8,
sr8,yflag8,samtp?,5r9,2a9,pk?y5r10,avi0,tgtgiQ,pk10,

®
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X imptx8,impty8,imptz8,tti8,.jam?,ims13,r?,boon?

PRIy

real mb2,ms1(4,20),ms1x8,msly8,mslz8,impt:u8,impty8,
X imptz8

— ,"

goto (192,3,445,697,8,9,10,11,12,13,14,15,16,
X 17,18,19,20,21,22,23,24,25,26,27,28,29,
X 30,31932,33,34),1

LSS

if (thow .eq. 0.0) return

3
:: 1 x#%(1)=025%1.69

2 print¥,’now in event 1 at’,ss(21)

: printX

, return

. 2 ®x(2)=525%1.69

Y printk,’now in event 2 at’,ss(21)

\ printx
L~ return

.. 3 Kntri=kntri-5

N printX,’now in event 3 at’,ss(21)

N printx

-, if (kntri ,1t. 21) then

E c set acl breakpk to 0.0 to force break vs all missiles
<. »#x(80)=0,0
{ acft{1,54)=xx{(80)

. c set next x,y positions to big values

v #x{(15)=120000,0

e »#x(16)=120000.0

3% (17)=55(3)

) if (acft{1,51) .eq.l1) then

¥ %% (18)=55(4)+45.0

? if (xx(1B) .gt. 360.) »x(18)=:x:(18)-3460,0

5 else

¥ #x(18)=55(4)-45,0

) if (x(18) 1t. 0.0) xx{18)=xx(18)+350.0
'{ endif

2 85(35)=0,0

o #x(19)=0,0

4 55(24)=55(21)+(45,0/(4%32,2%X57,3/xx{1)))
Y c find acl probability of arrival? acft(1,61)

<

:} acft(1,61)=(1-acft(1,55))%{1-acft(1,56))%k(1~acft(1,57))%
N X (1-acft(1,58))%(1-acft(1,59))K{1-acft(1,40))
‘3 c find acl probability of target damage




acft(1,65)=acft(1,61)Racft(1,63)%acft(1,64)

(, . do 87 .j=55,65
printX,/acft(l,’y.js’)='yacft(i,.})
87 continue
printx
else
#x(13)=acft{l,Kkntrl)
#xX(18)=acft{l,kntritl)
wX(17)=acft(l,kntr1+2)

" fl {l

NG
s .‘l 2 by

.
s a

C compute necessary heading xx(18) into next nav point
ax2=ss{1)
ay2=ss(2)
a22=s85(3)
) b»2=xx(195)
" A by2=xx(16)
X bz2=xx(17)
-~ if ((kntrl .eq. 31) .and.{acft(1,2).,1t.-0.3)) then
- #(18)=acft(1,kntr143)
elseif (kKntrli .eq. 21) then
#x(18)=s5(4)
Py else
= call mbran2
#x{(18)=mb2
endif

c computed necessary pitch »x(19) into next nav point
c special condition for condition for pop pattern

gr=sqrt((ss(1)-ux(15))%X%X2 + (s5s5(2)=:0:(16))%¥%X2)

ht=xx(17)-85(3)

. if (ht .ne. 0.0) then

P xx(19)=(atan(ht/gr)>x57.3

. \j if((kntri.eq.26).and.(acft(1,2),1t.-0.5)) e(19)=2(19)-5,0
~ if(kntrl ,eq. 21) xx(19)=ss(3)

else
#x(19)=0,0

endif

>4 endif

c check if heading correction needed and set heading flag
if (ss(4) .ne, xx(18)) then
headi=1,0
g1=4.0
templ=ss(4)-ux{18)
if (templ ,1t., 0,0) templ=340.0+templ
if (templ ,1t.180.0) xx(64)=-1.0
if (templ .ge,180.0) xux(64)=1.,0
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. endif
t;‘: € check if pitch correction needed and set pitch flag
(; ) if (ss(3) .ne. %%(19)) then
o pitch1=1.0
e if(xx(19) gt. s58(3)) »:x(6D)=1.0
Xy PF O (19) W1t 85(5)) xx(65)==1,0
K :-::;,' endif
. print%,’ss(1)=/,85(1),‘ s5(2)=',55(2)

C printX, ss(3)=',55(3),’ s5(4)='455(4)

Yo print¥,’ss(3)=’,s55(5),’ Kntri=’,Kntri
M, printX, xx(84)=" 2 (84)p’ xx(65)=7,xx(63)
_ﬁ:“ printX, ‘xx(15)=/,xx(13) 5’ x0(16)=',x%(16)
;;;E PrintX, ‘xx(17)=',xx(17),’ »x(18)=',xx(18)
NN printk, ‘xx(19)=",xx(19)

. printX,‘headl=’,headl,’ pitchl=’,pitchl
W/ print¥, 'ss(21)=",55(21),’ s5(24)=',55(24)

o printx
\":‘?

:fq
L return
5L
DI 4 Kntr2=Kntr2-5
ol print¥,‘now in event 4 at’,ss(21)

A printx

;_;. if (kntr2 ,1t. 21) then

n x®%(81)=0,0
y acft(2,54)=xx(81)

%#x(25)=120000.0
#%{26)=120000.0

»x(27)=55(8)

if €(acft(2,51) .eq. 1) then

x4 (28)=85(9)+45,0

if («x(28) .gt. 360,) xx(2B)=xx(28)-360.90
else

x%(28)=55(9)-45,0

if (xx(28) «1t, 0.,0) xx(28)=xx(28)+3460.0
endif
$5¢(10)=0,0
#%(29)=0.0
56(25)=85(21)+(45./(4%32,2%57.3/xx(2)))

c find ac2 probability of arrivallacft(2,61)

acft(2,61)=(1-acft(2,55) )%k (1-acft(2,56))%(1-acft(2,57))%
X (1-acft(2,58))KR(1-acft(2,59))%k(1-acft(2,40))

c find ac2 probability of target damage

acft(2,85)=acft (2,611 Kacft(2,63)kacft(2,54)
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et do 88 j=55,65
Yo printX,‘acft(2,y.js )=’ yacft(2,.))
o 88 continue
(- printx
N else
SO 3:(25)=acft{2,Kntr2)
e ®%(26)=acft(2,kntr2+1)
YN xx(27)=acft(2,kntr2+2)
AN

;\ c compute necessary heading xx(28) into next nav point
2 ax2=ss(4)
RO ay2=s5(7)
'}12 a22=ss5(8)
% bx2=xx (23)
oo by2=xx(26)
, ba2=xx(27)

;& if ((kKntr2 .eq.31) .and. (acft(2,2),1t.-0.5)) then
fht *xx(28)=acFt(2,Kntr2+3)
o elseif (Kntr2 .eq. 21) then
b xx(28)=55(9)
NS else
Akl call mbran2
e #x(28)=mb2
2 endif

c compute necessary pitch %x(29) into next nav point
c special condition for pop pattern

gr=sqrt({ss(6) - (20)) kX2 + (s5(7)=-xx{(26))%XX2)

ht=:2¢(27)-55(8)

if (ht .ne. 0.0) then
®3(29)=C(atan(ht/gr))x57.3
if{(Kntr2.eq.26)sand.Cacft(2,2),1¢t,-0.5)) »x(29)=x:(29)-5.0
if (Kntr2 .eq. 21) xx(29)=s5(10)

SN
b L]
s

-

-
«

-
.

-
-t

RS

',z, else

A #%(29)=20,0

W, endif

Yo endif

—

. if (55(9) .ne. xx(28)) then
- head2=1,0

‘_:5 g2=4,0

temp2=88(9)-%x(28)
if(temp2 ,1t. 0.0) temp2=3460.,0+temp2
if(temp2 ,11.180.0) xx(84)=-1.0
if(temp2 .ge.180,0) xx(46)=1.0

endif

L4 f. »
3§ P

.‘l.l' l'. ‘
. &« 0 -
W'

.'.'_-‘,f_.'

if (93(10) .ne. %x(29)) then
pitch2=1,0
ifO(29) Jgts s55(10)) wn(67)=1.0
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e
-
ol
o iF(xx(29) J1t. 55(10)) x:(67)=-1,0
N endif
o
( printx,’ss(é)='ys535(8),’ s5(7)=’',85(7)
‘ print®,’ss(8)="ys35(8),’ 55(9)=,55(9)
f& printX,’ss(10)=/,85(10),’ Kntr2=’,Kkntr2
o PrintX, ‘xx(66)=",:x(66) 3’ xx(67)=",%x:(67)
?}: PrintX, "xx(23)=',xx(25),’ xux(28)=',:0¢(26)
s PrintX, 'xx{27)=’ 4xx(27) 5/ xx(2B) =",y (28)
printX, xx(29)=’,xx(29)
< printX, ‘head2=’,head2,’ pitch2=’,pitch2
b printX, ss(21)=/,s5(21),’ s8(25)=",55(25)
- printik
/.-1
<o
. return
\'.'
h S head1=0,0
N gi=1,0
;‘Q %%(64)=0,0
Lo printX,‘now in event 5 at’,ss5(21)
N printX
N printX,’ss(4)=',s8(4)
S printx
’i: return
’:.':'
) b head2=0.0
{ 92=1 o0
2X %x%(66)=0.0
2 print¥,‘now in event 6 at’,ss(21)
;j printx
’ print®,’ss(9)=’,55(9)
A printx
return
e
> 7 pitch1=0,0
‘o x:4(65)=0,0
N printX,’now in event 7 at’,ss(21)
s print¥
- printXx,’ss8(5)=",55(5)
- printk
2 return
N
o 8 pitch2=0,0
#%(67)30,0
ot printX,’now in event 8 at’,ss(21)
2 printx
™ printX,’ss(10)=",55(10)
o printx
:, return
Sl
O
N
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n22=0,
bx2=s85(1)
by2=s5(2)
bz2=55(3)
call mbran2
®%¢(17)=50.0
#x(18)=mb2

L]

0.0
0.0
0.0

gP=900000
ht=xx{17)-s5(3)
if (ht .ne. 0.0) then
#x(19)=(atan(ht/gr))%57.3
else
#x(19)=0,0
endif

if (ss(4) .,ne. %xx(18))then

headl=1,0

91=4,0

templ=ss(4)-xx(18)

if (templ .1t., 0.,0) templ=360.0ttempl

if (templ .1t. 180,0) xx(64)=-1.0

if (templ .ge., 180,0) »xx(64)=1.0
endif

if (ss(3) .nes x%(19)) then
pitch1=1,0
if(xx(19) .gt. s5(5)Iux(65)=1.0
if(xx(19) +1t. 88(5))Iux(63)=~1.0
endif
printXx,‘now in event 9 at’,ss{21)
printX
printX,’ss(1)=’,85(1),’ s8(2)=',55(2)
printk,‘ss(3)=’,53(3),’ ss(4)='455(4)
printX,’ss(5)=',85(5),’ Kntri=’,Knirl
printk, /xux(64)=",xx(64) ' »x(65)="yxx(63)
printk, ‘xx(15)="x1(15),’ xx(16)=’yxx(16)
Print¥y ’xx(17)='yxx (17>’ xx(18)=',xx(18)
printk, ‘xx(19)=,xx(19)
printX,’headl=’,headl,’ pitchi=’,pitchl
print¥,‘ss(21)=’,58(21)
printx
return

ax2=0.0
0725000
a22=0,0
bx2=s5(4)
by2=ss(7)

183




.
-A\<

NN

S Az

KA

SAN

C"

oA

-

.'\-—Qf

o 1

XXX AN
lsl Al.."'

fyrg?

»

11

s
.

Ty

12

.
5

' 4

S

A A A

PACNEN |

a8 b

*-..5’ N - -‘ ,. LS '., ¢ ‘Q’ "t ..,.:'. AT AT S e tel ~'.:_~ ....... BRI R -_.‘-_-.: . CATI

bz2=g5(8)

call mbran2
#x€27)=50,.0
#%(28)=ab2

gr=9000,0
ht=xx(27)-55(8)
if (ht .ne. 0.0) then
#%(29)=(atan(ht/gr))%57.3
else
#x%(29)=0.0
endif

if(ss(?) .ne. xx(28)) then
head2=1.0
§2=4,0
temp2=55(9)-xx(28)
if(temp2 +1t, 0.0) temp2=350.0+temp2
if(tenp2 .1t. 180.0)xx(66)=-1,0
if(temp2 sge. 180.0)xx(66)=1,0

endif

if (ss{10) .ne. xx(29)) then
pitch2=1,0
if00i(29) Jqt. s55(10)) xx%(67)=1.0
1f{xx(29) +1t. 55(10)) xx(87)=-1,0
endif

print¥,’now in event 10 at’,ss(21)
printx

printk,‘ss(4)=,s55(6),’ 8s(7)=',88(7)
printx,‘ss(8)=’,s55(8),’ ss5(9)=',55(9)
printX,‘ss(10)=',88(10),’ Kntr2=’,kntr2
printk, ‘xx(66)=,xx(66),’ %x(67)=',xx(47)
PrintX, /»x(25)=/,xx(25),/ ux(26)=7,51(24)
PrintX, ‘xx(27)=/,xx(27),’ xx(28)=',xx(28)
printk, ’xx{29)=’,%x(29)
printX,‘head2=‘,head2,’ pitch2=’,pitch2
printx,’ss(21)=',55(21)

printXx

return

$5(5)=0,0

pitch1=0,0

printX, ‘now in event 11 at’,ss(21)

printx

printX,’ss(3)=’,55(3)

printx

return

ss(10)
pitch2

=0.,0
=0.0
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ET?' printX,‘now in event 12 at’,ss(21)

0N print

SOt printXx,‘ss(8)=',55(8)

[ printx

SO return

o 13 x3(1)=0,0

oo if (th(1,10) .eq. 1.0) th(1,7)=0.0

G if (th(2,10) .eq. 1.,0) th(2,7)=0,0
: print%,‘now in event 13 at’,s5(21)

v.r, printx

N return

-

o 14 %x(2)=0,0

TR if (th(1,10) .eq. 2.0) th(1,7)=0.0
. if (th(2,10) .eq. 2.0) th(2,7)=0.0

ﬁd mstop=-1
~$:3 printX,’now in event 14 at’,s5(21)

’-.': do 42 i=1,2
ny
325 c find acft i probability of surviving to exit point
S de
e acft(i,62)=C¢1-acft(i,55))%(1-acft(i,58))8(1-acft(i,57))X
{:i' X (1-acft(i,98))K{1-acft(i,59))¥{1l-acft(i,60))
i do 43 j=54,65
“e printk, ‘acft (' ,isjy )=’ yacft (i)

oo 43 continue
_ 42 continue

Lo
)

:25 c determine probability of mission survivability ie.

555 c probability that both oircraft survive mission
Nv *

N psmsn=acft(1,62)Xacft(2,62)

7 c determine probability of mission damage to target i.e.
2 j c probability of target damage as result of hoth ao/c
W
e pdmsn=1-(1-acft(1,65))*%(1-acft(2,65))

WYy printk

. print¥y ‘mission probability of acft survival=’,psmsn
ﬁ;J printf,‘mission probability of target damage=’,pdmsn
o printx
o
}:ﬁ return
- 15 do 70 i=1,2
o printX,‘now in event 15 at’,ss(21)

ﬁ“j printx

)

d
*JJ c check to see if idle,tracking,or firing
L c if idle then set to track

« 4t L)
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set site ready fire times(xx(38) and ;:(39))

e
)
n

)

.
PR
o .

printX,‘th(’,i,’,7)=/,th{i,7)
c- -check engage status
if (th(i,7) .,1t., 0.5) then

i
s
- ‘I.‘
N

e c check for sams available
- if (th{(i,s) .gt. 0.,5) then
-7 c check if confounding delay complete
" if (th(i,8) .1t, ss(21)) then
‘ c set status of site(i) to track
. th(i,7)=1.0
"I c set tail number of tracked aircraft
o th(i,10)=1,0
gﬁ c set ready to fire time site 1=
) c thow + track and aquisition time
. if (i .eqe 1) :(38)=55(21) + th(i,11)
-, c set ready to fire time site 2
S if (i +eqs 2) xu(39)=55(21) + th(i,1il1)
-~ endif
AN endif
- endif
A4 printX,‘th(’,i,s’,6)="th(i,56)
D printk,‘th{(’,i,’,8)=",th(i,8)
-2 printX, th(’,is’y7)=’,th(i,7)
-5 printk,’th¢(’yi,’,10)=",th(i,10)
e printX, ‘th(’,i,’,11)=",th(i,11)
o printX, ‘xx{(38)=",xx(38),’ %x(39)=',%x(39)
L printx
o d
-5_.,: 70 contipue
;5 return
. 16 do 71 i=1,2
2 printX,’now in event 16 at’,ss(21)
N A printx
\-\‘: printl,’th(’,i,’,7)=',th(i,7)
i if (th(i,?) +1t, 0.5) then
: if (th(iys) .gt. 0.5) then
i if (th(i,8) .1t. ss(21)) then
N th(i,10)=2.0
o~ if (i +eqs 1) #(3B8)=ss(21) + th(i,11)
< if (i .eqs 2) ux(39)=ss(21) + th(i,11)
A endif
endif
q»": endif
N print¥, th(’ iy’ 6)=" yth(iyé)
b, printk,’th(’,i,’,8)=',th(i,8)
';q printXy'th(’/,i,’47)=",th(i,7)
o printX,’th(’,i,’,10)=/,th(i,10)
a2
4
o
X
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e printk, 'th(’,i,’,11)=yth(i,11)
- printk, ux(38)=",xx(38),’ ux(3P)=’,xx(3IP)
o~ printx
250 71 continue
)
et return
A it
X

7

LY

p c 17 called at ready to fire time site 1
o 17 ithrt=1,0

- printX,‘now in event 17 at’,ss(21)
- o printx
> go to 80
\ c 18 called at ready to fire time site 2
raS
S 18 ithrt=2,0
2&3 printX, ‘now in event 18 at’,ss(21)
k) ;
™ printx
g go to 80
=
a2 c set inputs to impct8 subroutine(msli,y,z8,acftx,y,z8,v8,tofmx8)
2 80 continue
{ if ( ithrt .eq. 1) then

NN c missle position at site 1

't.::-. ms1:x8=th(1,1)

NN msly8=th(1,2)

B ms128=th(1,3)

WA else

' c missle position at site 2

Q}j ms1:8=th(2,1)
SRR msly8=th(2,2)
Yag ms1z8=th(2,3)

oo endif
..% -
s C assign values based on the a/c site is tracking
x':';

;}: if (th(ithrt,10) .1t. 1.5) then

Y acftx8=ss(1)

o acftyB=ss(2)

— acftz8=55(3)

< velx8=xx(1)%ksin (5:¢(22)/57,3) ¥cos{xx(20)/57,3)
L vely8=xx(1)%sin(xx(22)/57.3)¥sin(xx(20)/57.3)
nh velz8=xx({1)Xcos (%x(22)/57.3)

O else
‘:H acftx8=s55(6)

P acfty8=ss(7)

-‘\J

.'1:3
N
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XY
ko acftz8=s5(8)
e veln8=ux{(2)Xsin (::(23)/57.31Xcos{xx(21)/57,3)
®SC vely8=xx(2)Xsin (x:(23)/37.3)ksin(xx(21)/57.3)
(2 velz8=ux(2)¥cos (»:1(23)/57,3)
A endif
AN
:(i c velocity(knots) and missle max time of flight
e v8=th(ithrt,12)
e tofmxB8=th(ithrt,13)
DA printX, mslx8=',msix8,’ msly8=',msly8,’ mslz8=',mslz8
o printX, ‘acftx8=',acftuB,’ acfty8=’,acfty8
f;{ printX,’acftz8=",acftz8,’ velx8=',velx8
- print¥,‘vely8=’,vely8,’ velz8=’,velz8
N printx,‘v8=‘,v8,’ tofmx8=’,tofmx8
{ printx
o
Y call impct8
N if(flag8 .,gt.0.5) then
WY c assign a delay
'f? if (ithrt .eq. 1) xx(38)=ss(21) + 5.0
L if (ithrt .eq, 2 xx(39)=ss(21) + 5.0
g& return
:::-\‘: endif
'*ij c ground range to impact point
NG ' grimp=grimp8
{
< c check if impact point is w/in min and max range of site 1
N
u if (ithrt .eq. 1) then
;:}: if({grimp .ge.th{1,4)) .and. (grimp .le.th(1,5))) then
- if (th(1,6) .gt, 1.5) then
: c sam launch time for site 1 (missle 1 and 2 respectively)
:n‘:4 #¢(42)=1,0
S0 call schdl(23,xx(42),atrib)
yd ®%(38)=5g(21) + 10,0
" if (th(1,10) .eq. th(2,10)) then
e S th(217)=000
th(2,10)=0.0
. #0(39)=1000,0
o endif
S else
:f: #x(43)=1,0
-3 call schdl(24,:x:(43),atrib)
- #%(38)=1000.0
S if (th(1,10) .eq. th(2,10)) then
N th(2,7)=0,0
B th(2,10)=0.0
o3 #%(39)=1000.0
P endif
ey
:E;
b
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TN endif
N else
NS un(38)=55(21) + 5.0
‘,) endif
N printk,y :x(42)=' 200(42) ¢ 001(43)=7 x5 (43)
;:;:;‘ printx
o else
}1} c check if impact point is w/in min and mayx range of site 2
o~ if((grimp .ge.th{2,4)) .and, (grimp .1le.th{(2,5))) then
. if (th(2,6) .gqt, 1.5) then
e #x%(44)=1,0
p>.- call schdl(25,%xx(44),atrib)
o xx(39)=ss5(21) + 10.0
e if (th(2,10) .eq. th{1,10)) then
A9 th(1,7)=0.,0
\ th{1,10)=0.0
. ®%(38)=1000,0
o endif
Yol else
o #x%(43)=1.0
e cnll schdl(26,xx(45)atrib)
s #x%(391=1000,0
xS if (th{2,10) .eq. th(1,10)) then
o th(1,7)=0.0
ae th(1,10)=0.0
- 5¢38)=1000,0
"y endif
% endif
AN else
P, #x(39)=ss5(21) + 5.0
O endif
:H printk, ‘2:{(44)=",:x:(44), " :x{45)=",x%(43)
g printx
' endif
N
N return
~-!
}? c events 19 to 22 are aaa events
AT
> 19 printX,‘now in event 19 at’,ss(21)
'::j print%
-t if (th(3,10) .eq, 1.0) then
Zjij sri0=sqrt((ss5(1)-x:(9))%¥24(s5(2) - (10) ) ¥X2+(s5(3)—>¢(11) ) X%2)
e tgtgl0=q1
= k=1
L else
ﬁf' 5P10=5qrt((s5(6) =% (9) ) KkK24(s55(7) -3 (10))Xk24(55(8)-xx(11))%k%2)
e tqtg10=q2
T Kz
. endif
A av10=55,45
o’.'
Y
Ay
(A
,. 159

- - L "‘." .‘-“ \, '--‘- k. V'-".'.“'"* o " '{".‘_'.".-‘




ARNASERAAE ~ < AT LT . AL AR AL A AENCASRC AR A SRS S AR A
o

-&.:'

-l‘._.

Y
o~ call pkaal0

..

L
i; acft(k,99)=pk10
aR %(40)=1000,0
ey printX, ‘pk10=’,pk10,’ acft=’,k
- printx

e return

-.'--

20 printX,‘now in event 20 at’,ss(21)

o print¥

) if (th(4,10) .eq. 1) then
A s110=sgqrt ((55(1)-xx{(12))Xk2+(ss(2)-xx(13) ) KK2+(55(3) ~:0:1(14) ) k%2)
L1s tgtg10=g1

‘ k=1
3 else

e srl0=sqrt{(ss(6) -1 (12))%X2+(s5(7)~xx(13) I Xk2+ (s (B) -t (14) ) X%k2)
N tgtg10=92

Wi K=2

I;: endif

o avi0=55,45

4

oy call pkaalQ
acft(K,60)=pk10

3 %%(41)=1000.0 .
et printX,/pk10=/,pk10,’ acft=’,K
{ printx

Ny return

R
St 21 #(40)=1000,0

> th(3,101=0.0

3 printX,‘now in event 21 at’,ss(21),’ a/c out of range caa3’
. printx

a: return
b
ON 22 %%(41)=1000,0

-~ th(4,10)=0.0

=23 printX, 'now in event 22 at’,ss(21),/ a/c outof range aaad’
o printx

2 return
:ij c events 23 to 26 are missle launch conditions
.‘)-
: 23 imsl=1

AR printX,‘now in event 23 at’,ss(21)

" printx

;} c check last update time

- if (x(71) .g9t. 0.5) go to 90
P c set missle last update time to ss(21) at launch
@ #x(70+imsl)=ss(21)

A

;1'
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----------------

decrease number of sams available at site 1
th(1,8)=th(1,46) - 1

c set first missle fire time to large value
®%(42)=1000.0
c identify target a/c to missle
J msl(1,2)=th(1,10)
o c set missle self destruct timefor maneuvering tgt after launch
e msl(1,4)ss5(21) + th{1,13)
¢ set launch time

msl(1,15)=55(21)

- print%¥,‘launch time missle 1/

N printk, 'th(1,46)=",th(1,48), xx{42)=",xx(42)

) print¥, ‘msl{1,2)=/,ms1(1,2),'msi(1,4)=",ms1(1,4)
a printxk

go to 90

T 24 imsl=2

- printX, ‘now in event 24 at’,ss(21)
printx

if (xx(72) .gt. 0.3) go to 90
%x(70+imsl)=s5(21)

th(1,8)=th(1,6) - 1

~ #%(43)=1000.0

o ms1(2,2)=th(1,10)

msl(2,4)=35(21) + th{(1,13)
msl(2,15)=s5(21)

f printk,’launch time missle 2’

A print¥, 'th(1,6)=',th(1,6), ' xx(43)=",3x%(43)

o printX,’ msl(2,2)=',ms1(2,2),'ms1(2,4)=',ms51(2,4)
printx

go to 90

25 imsl=3
print¥,‘now in event 295 at’,s5(21)
printx

. if (xx(73) .gt, 0.5) go to 90

N #x(70+imsl)=ss(21)

. thi{2,6)=th(2,6) - 1

%%(44)=1000,0

msl(3,2)=th(2,10)

m51(3,4)=55(21) + th(2,13)

msl(3,15)=g5(21)

T printX,’launch time missle 3
i print¥, th(2,6)=",th(2,8), " »x(44)=',xx(44)
- print¥, 'msl(3,2)=',ms1(3,2),'msl(3,4)=',msl{3,4)

............
-----
. DY



printx

go to 90

imsl=4

print¥,‘now in event 26 at’,ss5(21)
printX

if (xx(74) .gt. 0.5) go to 90
®x{70+imsl)=ss(21)

th{2,6)=th(2,4) - 1

*®%(43)=1000,0

msl1{(4,2)=th(2,10)

msl(4,4)=55(21) + th(2,13)
msl(4,15)=55(21)

printX,‘launch time missle 4

printX, ' th(2,6)=",th{(2,6), 2 (45)=",:0:1(45)
printX,’'msl{(4,2)=",ms1(4,2),'msl(4,4)=",ms1(4,4)
printx

go to 90
update impact location
cantinue

printk,’imsl=’,imsl
printx

compute time from last missle update
#x(74+imsl)=ss(21) - (70+imsl)
%:¢{70+imsl)=55(21)

compute theta and phi for missle

msl(imsls19)=360,0-msl(imsl,9)+90.0
if (msl(imsl,19) .qt. 340.0) msl(imsl,19)=msl(imsl,19)-340.0

msli{insl,18)=90,0-msl{imsl,10)
determine missle 3,y,= locations

msl{imsl,yb)=msl(imsl,6)4msl(imsl,14)%1,689%xu(744+imsl )X
sin(msl(imsl,18)/37.3)%cos{msl{(insl,19)/57.3)

msl(imsl,7)=msl(imsl,y7)tmsl(imsl,14)%X1.689%kxx(74+imsl)X
sin(msl{imsl,18)/57.3)xsin(msl(imsl,19)/57.3)

msl(imsl,B8)=msl(insl,B8)4msl(imsl,14)%1.,689%xx(74+imsl)X
cos{msl(imsl,18)/37.3)

set inputs to impact8 subroutine(mslxk,y,z8,acfti,y,z8,v8,tofmx8)
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~f: printx
S

\"\
(. go to 90
[0
. 26 imsl=4
o printX,‘now in event 26 at’,ss5(21)
o printx
AN if (ux(74) .gt, 0.5) go to 90
#x(70+imsl)=s5(21)

;;{ th(2,4)=th(2,46) - 1

NN %x%(45)=1000.0

-3 msl(4,2)=th{2,10)

e ms1(4,4)=s5(21) + th(2,13)

- ms1(4,15)=s5(21)

25: printX,‘launch time missle 4’

204 printk,/th{(2,48)=',th(2,6),/:0:(43)=",:11(45)
b, printX, 'msl(4,2)=",ms1(4,2), 'msl(4,4)=",msl(4,4)

,: printx

o

o go ta 90

i c update impact location

o 20 continue
" . printx,‘imsl=’,imsl

- printx

22
'.ﬁ c compute time from last missle update

o #x(74+imsl)=s5(21)-::(70+imsl)
A% x3(70+imsl)=ss(21)

. c compute theta and phi for missle

-,\

i ms1Cinsl,19)=360,0-ns1(ims1,9)490,0

‘-ﬁ if (asl{imsl,19) .gt. 340.0) msl(imsl,1?)=msl(imsl,19)-360,0
o

f: msl(insl,18)=90,0-nsl{imsl,10)
oK

- c determine missle x,y,z locations
itg msl(imsl,b)=msl(imsl,6)+msl(imsl,14)%1.689%x:(74tims]l)X
e X sin(msl(ims1,18)/57.3)%cos{msl(ims1,19)/57.3)
O msl(insl,7)=msl(imsl,7)4msl{imsl,14)%1,4689%xx(74+imsl)Xk
o X sin{msl(ims1,18)/57. ) ¥sin(ms1(ims1,1%)/57.3)
o msl(imsl,B)=msl(insl,B)+msl(imsl,14)%1.689%xx(74+imsl)X
ot L cos(msl(imsl,18)/57.3)

s-

.

set inputs to impact8 subroutine(mslx,y,z8yacftix,y,z8,v8,taofmxg)

o [ I8¢
n

-
2 a
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mslx8=msl(imsl,4)
msly8:-msl(imsl,7)
mslz8=msl(imsl,8)

if (msl(imsl,2) +1t, 1.5) then

c acl location and velocity components
acftxB=ss(1)
acfty8=ss(2)
acftzB=ss(3)
b v velx8=xx(1)Xsin(xx{(22)/57.3)%Xcos(xx(20)/57.3)
“o) vely8=xx(1)%sin(xx(22)/37.3)ksin(xx(20)/57.3)
DY velz8=xx{1)Xcos(xx(22)/57.3)
N
o c taware is temporary value for probability of no awareness
\ c probability of being aware=x;(61)
-7 taware=1-»x(61)
i eY
‘lﬁ? drawl=unfrm(0.,001,1,0,2)
e
Ad. if (drawl .gt. taware) then
e aware=1.0
NN else
v aware=0,0
~::.\_ endif
]
{ k=1
'g€ brakpk=acft{1,54)
|Q§
AN else
e :
~ c ac2 location and velocity components
;fﬁ acftx8=s5(4)
s acfty8=ss(7)
oo acftz8=55(8)
) veln8=xx(2)ksin(xx(23)/57.3)Xcos(xx(21)/57,3)
-~ vely8=xx(2)Xsin(xx(23)/57 3 ¥sin(xx(21)/57.3)
T velzB=xx(2)Xcos(xx(23)/57,3)
3
02 taware=1-xx(42)
e draw2=unfrm(0,001,1,0,3)
4 5
- if (draw2 .gt. taware) then
X aware=1,0
;?Q else
?;(‘ aware=0.0
Ny endif
N
L
N
0
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- k=2

- brakpk=acft(2,54)

(V

{ endif

‘.

5 vB8=msl(imsl,14)

. tofmx8=msl(imsl,4) - ss(21)

- print%, ‘mslx8=‘,mslx8,’ msly8=',msly8

printX, 'mslz8=’,ms128

,; printX,‘acftx8='yacftx8,’ acfty8=’,acfty8
2 printXy’acftz8=',ncftz8,’ velxd=’,velx8
s print%,‘vely8=,vely8,’ velz8=’,velz8
3 printx,’v8=,v8,’ tofax8=',tofmx8

A printx

)

- call impct8

3

< if (flag8 .gt. 0.5) then

- xx(50+imsl)=1000.0

= #%{(54+ims1)=1000.0

o pk9=0.0

o acft(K,54+imsl)=pk?

) return

Wl endif

B

- , asl(imsl,11)=imptu8
‘,. msl(imsl,12)=inpty8

5 mnsl(imsl,13)=imptz8

-2 msl(insl,?)=hdg8

o msl{imsl,10)=pch8

- msl(imsl,16)=sr8

g msl(imsl,17)=tti8 + ss(21)

b c assign impact time on the clock

¥

mi #x(50+imsl)=msl(imsl,17)

= c set inputs to pKsam?{r?,sr?,jam9?,aa%,samtp?)
o c determine range from launch site to impact pt
-

. if ((imsl.eq+1) .or. (imsl,eq.2)) then
mx2=th(1,l)

= ay2=th(1,2)

e az2=th(1,3)

- else

Ny ax2=th(2,1)

% ay2=th(2,2)

¢ az2=th(2,3)

0
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< endif
o

33 bx2=msl(imsl,11)

( by2=msl(imsl,12)

A bz2=msl(imsl,13)

Sf call mbran2 :
! r9=sr2 '
N

o

c determine a/c slant range from impact point

J

N ax2=msl(imsl,11)

\‘: ay2=msl(imsl,12)
P az2=msl(imsl,13)

o if (msl(imsl,2) .1t. 1.3) then

. bx2=s5(1)

" by2=ss(2)

. bz2=s5(3)

- else

» bx2=ss(4)

by2=ss(7)

N bz2=s55(8)

s endif

>

% hdg2=msl(imsl1,?)

~ call mbran2

-~
( c set jamming option{i=yes 0=no)

o JamP=x»{(100)

"~ 2a9=na2 ;
™ sr9=sr2 .
-~ if((imsl ,eq. 1) .or. (imsl .eq. 2)) samtp?=1.0

N if((imsl .eq. 3) .,or, (imsl .eq. 4)) samtp9=2.0

. call pksam?% ‘
" msltimsl,5)=pk9 :
N .
:4 c set the 0.1 sec update time X
b

- temp90=::(79)+41.0

Y
- if (msl(imsl,5) ,1t, brakpk) then

) xx(54+imsl)=s5(21) + 1.0

j if (t1i8 .le. temp%0) xx(54+imsl)=s5s5(21)+0.1
< else
res if((tti8 ,1le. xx(79)) .and. (aware .gt. 0.5)) then

2 #*x(34+ims1)=1000.0

- acft(k,11)=1,0

.:-, imsl3=imsl

. call break3

~

‘ else

N

.4 L
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WON w{S54+imsl)=ss(21)+1.0

ﬁ}é if (tti8 .le. temp90) ux(54+imsl)=ss(21)4+0.1
Y endif
{ endif
M printX, ‘xx(54+',imsl, )=’ ,:ux(S4+imsl)
AW printx

G return

o c events 27 to 30 are impact events
}§; 27 n=1

s printX,‘now in event 27 at’,ss5(21)
" printX,’target a/c=’,msl(1,2)

‘;j printx

> x%(55)=1000.0
R ms1(1,17)=0.0

S go to 93
I_:.r

N 28 n=2
"$$ print¥,’now in event 28 at’,ss(21)
o printX,‘target a/c=’,msl(2,2)
ad printx

N %x(56)=1000,0

"y ms1(2,17)=0.0

<% th(1,7)=0.0
’2:. go to 95
¢ 29 n=3

> printX,‘now in event 29 at’,ss(21)
o printX,’target a/c=’',msl(3,2)
s printx

o *%(57)=1000,0

; msl(3,17)=0.0

e go to 93
Wy

X 30 n=4

printX, 'now in event 30 at’,ss(21)

A
A

%y
“l E

printx,’target a/c=',msl{4,2)

A printx

A %2(58)=1000,0

o ms1(4,17)=0.0

i th(247)=0.0

6 go to 95

N
;L4 95 continue
;}& c set inputs to pksam?(r?,sr?,jamn?raa9ysantp?y,boom?) at impact time
3

,zj c determine range from launch site to impact point
>

o

> if ((n.eq.1) .or. (n.eq.2)) then

o

b

N

]
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ax2=th(1,1)

ay2=th(1,2)

az2=th(1,3)
else

ax2=th(2,1)

ay2=th(2,2)

az2=th(2,3)
endif

bx2=msli(n,11)
by2=msli(n,12)
bz2=msl(n,13)

hdg2=msl(n,9)
call mbraen?
r9=5r2

determine a/c slant range from impact point

ax2=msl{n,11)
ay2=msl(n,12)
az2=msl(n,13)

if (nsl(n,2) .,1t. 1.5) then
bx2=gs(1)
by2=s5(2)
bz22=55(3)
k=1

else
bx2=55(4)
by2=58(7) .
bz2=55(8)
k=2

endif

hdg2=msl(n,?)
call mbran2

JamP=x:(100)
aa9=aa2
sr9=gr2
boom9=1.0

if{(n.eq.1) ,or., (n,eq.2)) samtpP=1,0
if((n.eq+3) .or. (n.eq.4)) samtp9=2.0

call pksam?
acft(K,34+n)=pk?

check if probability of arrival is zero
if C(acft(k,11) .qt. 0.5) then

-
- .

Pt “q w? ‘l~

...............
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on s’

31

33

assignh escape routine

if (K.eq.1) then
2%(18)=s5(4)
stop the current breok maneuver in preparation for getout
head1=0,0
gl=1.0
%%(64)=0.0
print¥,‘stop break actions? :x(18)=’,xx(18),’55(4)=",55(4)
call schdl(9,1.0,atrib)

else
stop the current break maneuver in preparation for getout
nx(28)=55(9)
head2=0,0
92=100
#x(64)=0,0
printX,‘stop break actions? xx(28)=’,xx(28),’55(9)=’,55(9)
call schdl1(10,1.0,atrib)

endif

endif
return

events 31 to 34 schdule aaa fire

if (xx(40) .eq, 1000.0) then
%¥%(40)=s5(21) + 6.0

th(3,10)=1.0
endif
printX, 'now in event 31 at’,s5(21)
printXx
printX, :x(40)=",x:(40)
printx
return

if(xx(40) .eq. 1000.0) then
#%(40)=55(21) + 6.0
th(3y10)=200

endif

printX,‘now in event 32 at’,ss5(21)

printx

printX, ‘xx(40)=",xx(40)

printx

return

if (ux(41) .eq. 1000.,0) then
#x(41)=58(21) + 4.0
th(4,10)=1.0

endif

printx,’now in event 33 at’,ss(21)

printx

printxk, :xn(41)="’,x:11(41)

printx
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::} return
e
R 34 if Cxx(41) .eq. 1000.0) then
(' #x(41)=58(21) ¢+ 6.0
th(4,10)=2.0
::~:- endif
::-: print¥,‘now in event 34 at’,ss(21)
- printx
el printX, 'xx(41)=',un(41)
printx
o return
oy
- end
i
A
o subroutine intlc
o common/scoml/atrib(100),dd(100),
e ¥ ddi(100),dtnow,ii,mfa,
e X mstopynclnryncrdr,nprnt,
X nnrun,nnset,ntape,ss(100),
A4 X  s31(100),tnext,tnow,xx(100)
. common/foleyl/acft(2,70),tgt{15),th{4,20),ms1(4,20)
’_-. common/foley2/axl,ayl,mbi,grl,bil,byl,ax2,ay2,a22,b%2,
-~ X by2,bz2,hdg2,mb2,gr2,3a2,512
j}-\ common/foleyd/fnlld4,fnlwgd,popridysarc
N common/gressi/headl,head2,pitchi,pitch2,kntri,kntr2,
{ X gl,92
L
','-'.: common/gress2/ acftxByacftyB,acftz=8,velxu8,vely8,velz8,
o % v8,tofmxB,grimp8,mslx8,msly8,mslz8,pch8,hdg8,
;}.‘ s ¥ srB,flag8,samtp9,sr9,2a9,pk?ysri0,aviO,tgtgi0,pklo,
W X  imptx8,impty8,imptz8,tti8,.jan?,imsl3,r?,boon?
o~ real msl(4,20)
)
o call bigpic
'
- c acl (xyz) positionsheading,pitch
]
oy ss(1)=acft(1,46)
Y 55(2)=qcft(1,47)
o~ $8(3)=0cft(1,48)
a s s5(4)=qcft(1,49)
ss(5)=acft(1,50)
‘: c ac2 (xyz) position,heading,pitch
o ss(6)=acfi(2,46)
o 85(7)=acft(2,47)
'~
%
]
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v leo
£33 ss(8)=acft(2,48)
g s5{?)=acft(2,4%)
i N 55(10)=acft(2,50)
-;:Q c ac velocities respectively in ft/sec
.'-\-‘:'
;:} %% (1)=0.,0
o #%(2)=0,0
-?'D.,
¥ c threat 1 (saml) % y = positions
<«
25 #x(3)=th(1,1)
-:;'\.‘-g #{8)=th(1,2)
B #(5)=th(1,3)
Lu
o c threat 2 (sam2) % y z pasitions
Q\-"
NG
_‘;ﬂ%\ #x(6)=th(2,1)
N ®x(7)=th(2,2)
3;}: #%(8)=th(2,3)
N
ot c threat 3 (aaal) % y z positions
#x(?)=th(3,1)
%% (10)=th(3,2)
#x{11)=th(3,3)
_— c threat 4 (aand) % y z positions
- 51%(12)=th(4,1)
k::.- ¥x(13)=th(4,2)
2o #3(14)=th(4,3) *
) ;, c acl next nav pt (Xyz-pos),next heading and pitch
.~-‘,.
x sx(15)=acfi(1,41)
N xx(16)=acft(1,42)
A #x(17)=acft(1,43)
. xx(18)=acft(1,44)
% #x{19)=acft(1,45)
\: ;
:jz c ac2 next nav pt (xyz-pos),next heading and pitch
“v
Y
A5 #x(25)=acft(2,41)

®u(26)=acft(2,42)
w%{27)=acft(2,43)
#3(28)=acft(2,44)
%3 (29)=acft(2,45)

c angle (theta) in %,y plane for acl,ac2 respectively
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o
ASEN #%(20)=360,0-55(4)+90.0
roel if (o(20) .gt. 360.) x:2(20)=xx%(20)-360.0
AN #%(21)=360,0-55(9)+90.0
‘i ) if Go(21) .gte 3604 ux(21)=ux(213-350.0
':_u: C ongle{(phi) in = plane for acl,ac2 respectively
LR IR

>
e xx(22)=90,0~55(5)
TN #x%(23)=90,0-55(10)

. ¥

T c sitel/saml (xyz-pos),heading,pitch
e ms1(1,6)=th(1,1)

e msl(1,7)=th(1,2)

. msl{1,8)=th(1,3)
\ msl(1,9)=0.0

e ms1(1,10)=0.0

N

Pl c sitel/sam2 (xyz-pos),heading,pitch
o msl(2,6)=th(1,1)
BNEN msl(2,7)=th(1,2)

Y msl{2,8)=th(1,3)

gt msl(2,9)=0.0

e ms1{2,10)=0,0

-~ '4-:

:;ﬁ c site2/saml (xyz-pos),heading,pitch
( msl(3,6)=th(2,1)

PN mnsl(3,7)=th(2,2)
A msl(3,8)=th(2,3)
':.:: msl(3,9)=0,0

iy msl(3,10)=0.0

T

¢‘_ c site2/sam2 (xyz-pos),heading,pitch

&

J'. -~
.f{" msl{4,6)=th(2,1)

e msl1(4,7)=th(2,2)

R msl(4,8)=th(2,3)
N msl(4,9)=0,0

‘e msl(4,10)=0.0

ﬁ&: c acl turn and pitch flags

N

:f%: 30:(64)=0.0

5 #%{43)=0.0
N
§}§g c ac2 turn and pitch flags
SEAY

T #%(66)=0,0
;\iﬁ 14x%(67)=0,0

.‘-\:

B0

:j:;
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aaa engagement times

xx(40)=1000.0
®%(41)=1000.0

initialize impact times

%% (51)=1000,0
¥x(52)=1000.0
#%(53)=1000.0
»#%(54)=1000,0

initialize descent altitude off tgt

#%(98)=50.9
xx(99)=50.0

initialize threat search altitude

xx(946)=100.0
¥%(97)=100,0

initialize nav mid course correction range

#x(94)=8000.0
X%(95)=8000.0

initiclize termination range

®x(92)=61000.0
#3(93)=61000.0

schedule ac departures

#%{30)=1,0
#xX(31)=xx(30)+acft(1,53)+30,0-acft(2,33)

call schdl(1,:(30),atrib)

call schdl(2,xx(31),atrib)

do 20 m=1,25
printX,’ss{’,my’ )=’ ys5(m)
printx

continue

do 30 n=1,99
printX, xx(’yn,y’ )=’ p:(n)
printx

continue

Kntrl=46
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5 Kntr2=44
R
X {“‘ g1=1.90
(. 92=1.0
~ head1=0.0
e head2=0.0
5 pitch1=0.0
pitch2=0.0
; :§ return
o1
%u; end
\ .
AY subroutine bigpic
N
‘Sﬁ common/scoml/atrib(100),dd(100),
1l X ddl(100),dtnow,ii,mfa,
s ¥ mstop,nclnryncrdrynprnt,
;L‘ X nnrun,nnset,ntape,ss(100),
‘J:J X s51(100),tnext,tnow,ux{(100)
aY .
é:; conmmon/foleyl/acft(2,70),tgt{(15),th(4,20),ms1(4,20)
>

common/foley2/axi,ayl,mbi,gri,bxnl,byl,ax2,ay2,a22,bx2,by2,b=2,
i + hdg2,mb2,gr2,202,s512

=~ common/foley3/fnlld4,fnlwg4,popridysarc
IS

MY

AJ real ms1(4,20)

R c following array values

do 10 i=}1,2

b c initialize array to zero
N do 12 k=1,70

‘.:33. acft(i,K)=0,0
o~ 12 continue
— 10 continue
-k§ c this applies only to the tactic! hd-level-pop
N acft(1,1)=xx(82)
b acft(1,2)=x%1x(83)

}: acft(1,3)=525,
acft(1,4)=xx(84)
= acft(1,5)=1
‘gs acft(1,8)=x%(85)
) J acft(1,7)=xx(858)
oy acft(1,8)=0,90
b acft(1,9)=8.0
e acft(1,10)=20,

o

.
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X

(o
s§$
1 acft(1,18)=75.0
g acft(1,54)=xx(80)
-
( acft(2,1)=xx(87)
i acft(2,2)=xx(88)
-5 acft(2,3)=525,
e acft(2,4)=xx(89)
o acft(2,5)=1,
A acft(2,6)=xx(90)
‘ acft(2,7)=xx(91)
2 acft(2,8)=,90
o acft(2,9)=8,
N acft(2,10)=20,
b4 acft(2,18)=75,0
N acft(2,54)=xx(81)
'i'\'v
N c initialize array tgt
S
R do 13 i=1,15

e tgt(i)=0,0

P

A 13 continue
el tgt(1)=4000,0

n gt (2)=-4000.0
%q tgt(3)=0.0

X tgt(4)=045,
: tgt{5)=550.
;: tgt(6)=400,
- ¢ initialize array th
N do 3% i=1,4

% do 32 k=1,20
N th{i,k)=0,0

! 32 continue

o) 31  continue
\ E th(1,1)=12000,
= th(1,2)=-18000,
" th(1,3)=0,

N th(1,4)=6685.0
RN th(1'5)=3345600
N th{1,6)=2,0
o th(1,7)=0,0
L2, th(1,8)=0.0

4 th(1,10)=0.0

“~ th(1,11)=xx(36)
’§§ th(1,12)=1019.0
“ th(1,13)=19.4

: th(2,1)=-12000,
%
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oS 35
29 34

th(2,2)=18000,
th(2,4)=1334%.0
th(2,5)=72980,0
th(2,46)=2.0
th{(2,7)=0.0
th(2;8)=°00
th(2110)=000
th(2,11)=xx(37)
th(2,12)=1163.0
th(2,13)=37.1

th(3,1)=6000.
th(3,2)=0.
th(3,4)=9807.0

th(4,1)=-46000.
th(4,2)=-6000.
th(4,4)=9807.0

initialize missle array to zero
do 34 i=1,4

do 35 k=1,20

ﬂSl(iyK)=000

continue
continue

msl(1,4)=th(1,13)
msl{2,4)=th(1,13)
msl(3,4)=th{(2,13)
msl(4,4)=th(2,13)
msl(1,14)=th(1,12)

- msl(2,14)=th(1,12)
msl(3,14)=th(2,12)
ms1(4,14)=th(2,12)

call scan4d

call .jmemé

call route?

end

subroutine .jmemé
compon/scomi/atrib(100),dd(100),
ddl(loO)pdtnO",iiyth'

narunynnset,ntape,ss(100),

4
%2 mstop,nclnryncrdr,nprnt,
X
X

+

- . - - - - - -
o e O M OB O VY W R 0 W K W

$51(100),tnext,tnow,xx(100)
common/foleyl/acft(2,70),tqt(15),th(4,20),ms1(4,20)
common/foley2/axi,ayl,nbl,gri,bxl,byl,ax2,ay2,a22,bx2,by2,b22,
hdg2,mb2,91r2,aa2,512
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of jmem graphs. the release airspeed is assumed = 525 Knots

I\.h‘
N
o common/foley3/fnlld4,fnlug4,poprid,sarc
>
s
S real intv,laylskyiasls,1b,letslpynstaryné,lep
{ do 12 i={,2
i vé=acft(i,3)
At divé=acft(i,2)
Py adivé=abs(divé)
S c target data
la=tgt(d)
::_: wastgt(é)
o
S9N c bomb ballistic error
A if (acft(i,1).1¢t.,1.5)sigh=4,0
Ly if (acft(i,1).gt.1.5)sigb=12,0
N c weapon relaibility
e ré=acft(i,8)
X2
Lo
o c total bombs=acft(i,?)
P nr=acft{i,?)/acft(i,s)
5 4 np=acft(i,3)
Y cep=acft(i,7)
o intv=acft(i,6)
}3 yl=acft(i,4)
‘< yf=yl+{nr-1)%1, 688#v6t1ntvts1n(od1v6/57 3)
R ybar=(yf+yl1)/2,0
,*g c obtain impact angle and slant range
?%ﬂ c the impact and slant range equations are linear interpretations

'("."'l
X &
n

o] c check for low drag weapon
,:a iflacft(i,1),1t.1.5)then

shap
o c check for level delivery
oo if(adivé.1t.5.0)then

] c level uses 0 degree dive angle
s c equations good for release agltitude 400-750 feet
;uj ia=(ybar+730,0)/105,0

e sr6=(ybar+850.0)/0,275

3 go to 11

- else

c delivery is ld-pop

P oo ’er L
k'f“‘

S
mn

pop uses -15 degree dive angle
equations good for release altitudes 1300 to 2500 feet
ia=(ybar+4875.0)/250.0

Toex
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11

sré=(ybar+525.,0)/0.45
go to 11

endif

else
weapon is high drag

check for level delivery
if{adivé.1t.5.,0)then

level uses 0 degree dive angle

equations food for release altitudes 150 to 750 feet
ia={ybar+116.67)/20,4

sr6=(ybar+685.0)/0.413

go to 11

else

delivery is hd-pop

pop uses -10 deqgree dive angle

equations good for release altitude 500 to 1500 feet
in=(ybar+166.17)/31.14

sré6=(ybar+832.5)/0.6125

go to 11

endif

endif
continue

printX,’impact angle= /,in
printX,‘sré slant rge=’,sré
$0 now you have sré and ia

trajectory considerations
1sk=1,488%(sin(ia/57+3-0div6/57.3))/sin(in/357.3)
sb=lskXvékinty

ls=sbx(nr-1)

we=ocft(i,10)

gré=sqrt(sréix2-yfxs2)

grt=gré+ls/2.0

srt=sqrt(grixx2+yfixs2)

print%,‘lsk= ‘,1sK,’ sb= ‘,sb,’ 1ls= ’,1s
printk,‘gré= ‘,qgrb,’ grt= ‘,grt,’ srt= ‘,srt

using delivery reliability of 1.0
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rd=1.0

dep=0,573%cep

rep=dep

printX,‘rep= ’‘,rep,’ dep= ‘sdep
sigbd=sigb*srt/1000.0
sigbr=sigbd/sin(ia/57.3)

print%,’sigbd= ‘,sigbd,’ sigbr= ‘,sigbr

effective target dimensions; neit=1 for maeb, =2 for maef
this study uses only maeb and ei=3000.

neit=1

2i=3000.0

using phd=1.0
phd=1.0
if(neit.eq.2)a=1-c0s(ia/57.3)

if(neit.eq.1)then
wet=sqrt(ei)
let=wet
aet=ei
endif
if{neit.eq.2)then
let=1,128%sqrt(eika)
wet=let/a
net=ei
printX,’let= ‘,let,’ wet= ’,wet,’ aet= ’,aet
endif

single weapon effective dimensions
wb=sqrt(wetXXx2+8%sigbd%sigbd)
lb=sqrt(letxx2+48%sigbrXsigbr)
ab=1b%xwb

stick pattern dimensions

wp=wbtws

lp=1b+ls

ap=1pXup

print%,’wb= ‘,ub,’ 1lb= ‘,1b,’ ab= ‘,ab

printk,‘wp= ‘,wp,’ lp= ‘,1p,’ ap= ‘yap

effective number of weapons né in single weapon effective area
né=nrX(ab/ap)

if(nb.1t.1.0)né=1,0

conditional probability of damage
pcdé=réXphdk(nr/né)%{aet/ap)

number of weapons in pattern
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nstor=néXxnp

probability of damage within the pattern
pcd=1-(1-pcdé)k¥knstar )

single sortie effective pattern dimensions

wep=max{wpywa)

lep=max(lp,la)

printX,’né= ‘,néy’ pcdé= ‘,pcdby’ nstar= ‘,nstar,’ pcd= ‘,pcd
print¥, ‘wep= ‘,uep,’ lep= ‘,lep

calculate expected fractional coverage--range(length)
c6=0.46745

té=la/rep

pé=lep/rep

ab=céXk(pb+ts)/{2%xsqrt(2.0))
bé=(cbkabs(ps-t4))/(2%sqrt(2,0))

print¥,’a6= ‘,aé,’ bé= ’,bs

call function aread for integral value
aareqa=gareas(as)

barea=areaS(bs)

print%,’length aarea= ’‘,aarea,’ length barea= ‘,barea
gressé=,5%(exp((~1)%aéXas)-exp ((~1)XbéXbS))
efr=(2,3658/t6)X(abkaarea-béXbareatgresssd)

calculate expected fractional covernge--deflection(width)
cé=0.6745

té=wa/dep

pb=wep/dep

abd=cdX(pb+téd)/(2%sqrt(2.0))
bé=(cékabs(pé-tb))/(2%sqrt(2.0))
printX,‘aé= ‘,aé,’ bé= ‘,bé

call function area5 for integral value
aarea=qaread(ad)

barea=area5(bé)

printX,‘aarea= ‘,narea,’ barea= ‘,barea
gressé=.ok(exp((-1)XabXab)-exp{(-1)Xkb6xbs))
efd=(2,34858/t4)X(abXaarea-béXbareatgresssd)
printXx,‘efr= ‘,efr,’ efd= ‘,efd

single sortie prabability of damage (before visual or survivel)
sspd=rdXpcd*(ap/(lepkwep) ) kefrxefd
acft{i,é4)=sspd

calculate probability pilot sees target at first release point
equations are good for ground ranges of 2000ft to 7000ft
if (grt ,1t. 2000.0) then

printX,’errorigrt less than 2000ft’
go to 29

13%
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endif

if (grt .le. 3000.0) then
psee=0,00118kxyf+0,290
if (yf .ge. 600,0) psee=0,00003%xyf+0.975
go to 29

endif

if (grt .le. 4000.0) then
psee=0,00105%yf+0.183
if (yf .ge. 400,0) psee=0,00012%yf+0,8562
go to 29

endif

if (grt .le. S5000.0) then
psee=0.00113xyf+0,050
if (yf .qge. 600.0) psee=0,00017%xyf+0.758
. go to 29
endif

if (grt .le. 4000.0) then
psee=0,0009xyf+0,10
if (yf .ge. 1000.0) psee=0,00009%kyf+0,.936
go to 29

endif

if (grt .le. 7000.0) then
psee=0,00088%yf+0,025
if (yf .ge. 1000.0) psee=0.00009xyf+0,783
go to 29

endif

continue
if (psee .gt, 1.0) psee=1,0
acft(i,s63)=pseeXxxx(70)

‘store needed data in acft array

acft(i,12)=yf
acft(i,13)=gré
acft(i,14)=qrt¢
acft(i,b4)=sspd
printX,‘acft(i,b4)= ‘yacft(i84),’ acft(i,12)= ’,acft(i,12)
printX,’acft(i,13)= ’,acft(iy13),’ acft(i,14)= ’,acft(i,14)

continue
end of giant do loop for each aircraft

return
end
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el
i‘;: real function areaS(upper)
{ c finds areq under exp(~(t%¥%2.0))
iy pi=3.14159
">§§ error=,01
A r1=0.0
W ru=upper
b Yo’ fetrl=exp({(-1)¥rlxrl)
" fctru=exp({-1)Xruxru)
o KS=nint ((rukabs(fctrl-fctru))/(2%error))+1
o d=ru/kS
o esum=fctrl
e do 1 iS=1,kS
835, if(i5 +1t, KS)then
- fotx=2%exp((-1)XK(rl+iSxd)X(r1+iSxd))
e else
N fetu=exp ((~1)X{r1+i5xd)X(r1+i5%d))
N endid-
g{z esum=esumtfctx
AR tarea=dx0,5%esumn
s 1 continue
e, areaSstarea
3508 print®,/fctrl= /,fctrl
o, printXx,’'fctru= /,fctru
YAk printX,’kKS = /,kS
22, printX,‘tarea = ‘,tarea
. return
e end
S,
N
=
< subroutine scan4
c
oy c this is ztscaonj updated 21303,an
53 c
§ common/foleyl/acft(2,70),tgt(15),th(4,20),ms1(4,20)
z%;: common/foley2/axl,ayl,mbl,gri,bxi,byl,ax2,ay2,a22,bx2,by2,bz2,
P2 + hdg2,mb2,g9r2,0a2,5r2
- common/foley3/fnlld4,fnlugd,poprid,sarc
.Y
3§$ real mbl,mb2
$»-
= totx=tgt(1)
Shed tgty=tgt(2)
tgtz=tqt(3)
b cntln=tgt(4)
N nthrt=4
::}: ncon12=0
"5‘ nconé=0
= do 10 i=1,nthrt
191
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N ax2=tgt:
:ﬁ ay2=tgty
b az2=tgtz
(. bx2=th(i,1)
fes by2=th(i,2)
b bz2=th(i,3)
.:i: hdg2=cntln
ARY c
e c determine aspect of threat to tgt center
‘ c
'{;f call mbran2
e
N grd=gr2
_y aad=aa2
) if({aad4 .gt. 300.0) .or. (aa4 ,1t, 060.0)) nconiZ=nconi2+l
e if((aa4 .gt. 120.0) .and. (an4 ,1t. 240.0)) nconé=nconétl
¢2{ print¥,‘’nconl2=‘,nconl2,’ nconé=’,nconé
-i:: 10 continue
i ;
*:4 c compare number of threats in 12 oclock and 6 oclock cones
c
;f. c and establish runin direction
S c
,j:: if{nconli2 .ge, nconé) then
0 runin=cntln
! else
i runin=cntlin - 180.0
Ve, if{runin ,le., 0.,0) runin=360.0 + runin
30N endif
é;f print¥,‘runin=’,runin
. c
zﬁ c compute runin headings for both aircraft
c
o c determine point 5 miles on final
e mbi=runin-180,0
ol if(mbl +1t. 0,0) mb1=360.,0+mb1
e printX,’S mile mbl=’,mb1
W gri=5%6000,0
M axl=tgtx
Y ayli=tgty
$.‘l
X ,
$§ tall xycorl
<
2y c determine aspect of runway to 5 mile point
bk
- ax2=bx1
S ay2=byl
o 2z22=0,0
\i bx2=0,0
s by2=0.0
bz2=0,0
Vi
s
2,
ot
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18
74
73

hdg2=runin

call mbran2

determine rollin direction to final
poprii right=1,left=2

na4=qga2
if{aa4 ,1t, 180,0) then

popri=1,0

rninld=runin-10.0

rninwg=runin+10.0
else

popri=2,0

rninld=runin+10.0

rninwg=runin-10.0
endif
if{rninld .qt, 360.0) rninld=rninld~340.0
if(rninwg .gt. 360.0) rninwg=rninwg-340.0
printX,‘popri=‘,popri
printX,‘rninld=’,rninld,’ rninwg=’,rninug
fnlld4=rninld
fnlug4=rninwg
poprid=popri
print%,‘fnlld4= ’,fnlld4,’ fnlwgd4= ’,fnlwgd,’poprid= ’,poprid
return
end

subroutine route?
common/foleyl/acft(2,70),tqt{15),th(4,20),ms1(4,20)
common/foley2/axl,ayl,mbl,gri,bxl,byl,ax2yay2yaz2,bx2,by2,bz2,
hdg2,mb2,9r2,0a2,5r2
common/foley3/fnlld4,fnlwgd,poprid,sarc

real mbl,mb2,mb7

do 73 i=1,2
do 74 k=1,70
print18,i,Kyacft(i,k)
format(‘acft(’/,i2,’,74i2,/)=",f14,4)
continue
continue
printX,‘mbi= ‘,mbl,’fnlld4= ’,fnlld4,’ fnlwgd= ‘,fnlugd
printX,‘poprid4= ‘,poprid
start giant do loop for each acft planning
do 15 i=1,2

if{i.eq.1)acft(i,15)=Ffnlld4
if({i.eq.2)acft(i,19)=fnlwg4
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A2 acft(i,16)=popris
o
S c initialize totgr
{ totgr=0.0
} c find coordinates of release point of first weapon
o div7=acft(i,2)
- adiv7=abs(div7)
e v7=acft(i,3)
e oltin7=qacft(i,18)
de mbl=ncft(i,135)-180.0
- if(mb1,1t.0.,0)mb1=3460+mb1
o gri=acft(i,14)
oy totgr=totgrigri
po printX,’gr to tgt= ‘,gr1,’ totgr= ‘,totgr
- axl=tgt(1)
; ayl=tgt(2)
"N call xycorl
T acft(i,26)=bx1
Dy acft(i,27)=byl
- acft(i,28)=acft(i,12)
AN acft(i,29)=acft(i,15)
s acft(i,30)=div7
'$:: c find coordinates of release point of last weapon
AN if (adiv?7 .gt, 5.0) then
-il. gri={acft(i,12)-acft(i,4))Xsin((90~adiv7)/57.3)/sinadiv7/57.3)
S else
R gri=v7%1.68%%acft(i,6)Xk{(acft{i,9)/acft(i,F))-1)
e~ endif
20 mbi=acft(i,15)
Eé& axl=acft(i,24)
o ayl=acft(i,27) .
- call xycorl
? acft(i,21)=bx1
o acft(i,22)=byl

acft(i,23)=acft(i,4)
acft(i,24)=acft(i,19)

< acft(i,25)=div7?

-

- c find coordinates of track point
.\ mbl=acft(i,15)-180

X if(mbl.1t.0,0)mb1=360+mb1
}ﬁt c using tracktime= 5.0 seconds

AL, trktm=3,0

NN gri=trktmk1.688%v7%cos(adiv?/57.3)
: totgr=totgrigril

o print¥,‘gr to first release pt= ‘,grl,’ totgr= ’,totgr
i ax1=acft(i,26)
y ;- ayl=ecft(i,27)

" call xycorl

P, acft(i,31)=bxl

LN
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acft(i,32)=byl
acft{i,33)=acft(i,28)+(trktmkl,488%kv7%Xsin{adiv7/57.3))
acft(i,34)=acft(i,15)

acft(i,35)=div7

check for type attack. do pop delivery points first,
if{adiv7.1t.5.0)go to 20

proceed with pop calculations
find coordinates of rollin point with 4g turn to final
poprad=v7¥%1,4889%v7%1,6889/(4.0%32,2)

use 30 degrees to turn for 30 degree angle off pop
deqtt=30.0

sarc=(degtt/57.3)%poprad

totgr=stotgrtsarc

printX,‘gr to track pt= ‘,grl,’ totgr= ’‘,totgr
ang={180-deqtt) /2.0
hypot=poprad¥sin{degtt/57.3)/(sin{ang/537.3))
printXx,‘sarc= ‘,sarc,’ ang= ‘,ang,’ hypot= ’,hypot

this hypoteneuse is range to target so still need bearing
d7=360-180-degtt
tang=(180.0-d7)/2.0

apply pop rollin direction! l=right, 2=left
ridir7=acft(i,16)
runin?=acft(i,13)
Jf(rid1r7.gt.1.5)then

thdg=runin7+tang

else

thdg=runin?-tang

endif
mbl=thdg-180
if{mb1,1t.0.0)mb1=340+mb1
grishypot
axl=acft(i,31)
ayl=acft(i,32)
call xycorl
acft(i,34)=bxl
acft (i, 37)=byl

compute rollin altitude! acft(i,22)

clmang=adiv7+5.0

if(adiv7,1t.12.5) then
apxalt=acft(i,12)+41000,0
else
apxalt=2%adiv7%100,0+(acft(i,12)/2.0)
endif

acft(i,38)=apxalt-(40.0%clmang)

acft(i,40)=clmang
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c find coordinates of pull up point
a gri=(sin((90.,-clmang)/57.3))X{ncft(i,38)-altin7)/
{. +  sin(clmeng/57.3)
o printk,’grl for pup point= ‘,gqri
g totgr=totgrigri
o printX,’gr to rollin pt= ‘,grl,’ totgr= ‘,totgr
- C compute runin heading (prior to rollin)! assume 30 degree
c angle off pop
_,:": if(ndlr?.gt.l.S)then
'1{ hdgin7=runin7+30
N mb1=hdgin7-180
‘;x if(mb1,1t.0.0)mb1=3404mb1
olay else
v hdgin7=runin7-30
N mbl=hdgin7-180
A , if(mb1,1t.0.0)mb1=3604mb1
NS endif
7 axl=acft(i,36)
- ayl=acft(i,37)
i call xycorl
. acft(i,41)=bxl

A acft(i,42)=byl
2 acft(i,43)=altin?

X acft(i,17)=hdgin?

, iflacft(i,,17).1t.0.0)acft (i 17)=360.0tacft(i,17)
e acft(i,3?)=hdgin?

N acft(i,44)=hdgin7
x-3 acft(i,45)=0.0

j& go to 60

' 20 continue

e c now for level delivery

.‘l

5?: c find coordinates of level off point

o mbl=acft(i,15)-180

. if(mb1,1t.0.,0)mb1=350+mb1

c reach point 3 seconds prior to track point

0 gr1=3.0x1,689%v7

o totgr=totgrigril

oy axl=acft(i,31)

o ayl=acft(i,32)

o~ call xycorl
o acft(i,36)=bxl

7 acft(i,37)=byl
g acft(i,38)=acft(i,12)
acft(i,39)=acft(i,13)

N acft(i,40)=10,0

N printX,’gr to track pt= ‘,gril,’totgr= ’,totgr
0
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